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PREFACE 


This  study  was  initiated  and  directed  by  the  U.S.  Department  of  Trans- 
portation, Transportation  Systems  Center,  for  the  U.S.  Department  of  Trans- 
portation, National  Highway  Traffic  Safety  Administration,  Associate  Administra- 
tion for  Research  and  Development.  The  purpose  of  the  study  was  to  provide 
an  independent  assessment  of  the  potential  for  weight  reduction  in  light  duty 
trucks.  The  official  objective  of  the  project  states: 

"Identify  the  Weight  Reduction  Potential  of  Pickup  Trucks, 

Van  and  Utility  vehicles  below  8500  lbs.  GVWR  by  Design 
Modification,  Redesign,  and  Material  Substitution." 

The  Time  Frame  under  cons iderat ion  is  1982  - 1985. 

As  part  of  the  national  energy  conservation  effort,  fuel  economy  regula- 
tions have  been  established  for  passenger  cars  through  1985.  The  fuel  econ- 
omy requirements  have  resulted  in  new  passenger  car  designs  which  are  smaller 
and  significantly  lighter.  Similar  standards  (current  issued  through  1982) 
are  being  prepared  for  light  duty  trucks.  To  assist  in  the  formulation  of 
strict  but  feasible  future  standards,  it  is  important  to  have  an  estimate 
of  the  potential  for  reducing  truck  weights  for  the  period  of  1982  - 1985. 

This  study  has  been  conducted  to  provide  this  information. 

This  study  was  conducted  in  1978.  Results  of  this  study  represent  the 
best  estimate  at  that  time.  Specifications  and  dimensions  describing  1978 
production  vehicles  were  prepared  by  the  truck  manufacturers. 
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EXECUTIVE  SUMMARY 


The  objective  of  this  study  is  to  identify  the  weight  reduction  potential  of  pickup 
trucks,  vans,  and  utility  vehicles  at  and  below  8500  GVWR  by  design  modification, 
redesign,  and  material  substitution  in  the  1S82  to  1985  time  frame. 

The  missions  or  uses  for  which  light  duty  trucks  are  utilized  were  established, 
and  the  makes  and  models  available  in  this  field  were  identified.  In  order  to  insure 
that  the  vehicle  weight  reduction  results  of  this  program  do  not  impair  the  ability  of 
the  vehicle  to  perform  its  assigned  mission,  the  attributes  which  are  significant  to  the 
performance  of  the  missions  were  also  established.  These  are: 

a.  Load  Capacity, 

b.  Volume  Capacity, 

c.  Passenger  Capacity,  and 

d.  Performance. 

The  classifications  selected  for  weight  reduction  analysis  were: 

a.  Makes: 

AMC  (Jeep), 

Chevrolet  (GMC), 

Dodge, 

Ford,  and 
IntemationaL 

b.  Types: 

Pickup, 

Van, 

Van -V.7 agon,  and 
Utility  (4-Wheel  Drive). 

c.  Range: 

Up  to  and  including  8500  pounds  GVWR. 

The  selected  classifications  constitute  over  90  percent  of  the  light  duty  field, 
and  the  selected  makes  represent  all  U.  S.  manufacturers  building  any  significant 
number  of  vehicles  in  this  field. 

Specifications  to  quantify  the  attributes  were  obtained  from  Manufacturer’s  Data 
Books.  Attribute  comparisons  were  made  to  compare  the  effectiveness  of  the  vehicle 


designs.  The  basis  for  comparison  used  is: 


a. 

Load  Efficiency 

= Load  Capacitv  (lbs.) 
Curb  Weight  (lbs.) 

b. 

Volume  Efficiency 

= Volume  Capacitv  (cu.  ft.) 
Curb  Weight  (lbs.) 

c. 

Passenger  Efficiency 

= Passenger  Capacitv  (No.) 
Curb  Weight  (lbs.) 

Graphical  presentations  of  the  results  are  provided  to  present  the  data  more 
effectively  and  to  furnish  a quick  means  of  comparing  different  types,  makes,  and 
models.  The  results  (Figures  2-3  through  2-16)  indicate  that  Dodge  is  the  lightest  and 
most  efficient  Pickup  and  Van.  Although  International  is  the  most  efficient  Utility, 
Dodge  was  selected  because  of  interchangeability  with  the  Pickup. 

Some  comparisons  with  foreign  built  vehicles  are  included  for  reference.  However, 
foreign  built  vehicles,  generally,  do  not  provide  equivalent  functions  in  load,  volume 
or  passenger  capacity,  or  performance. 

To  improve  the  accuracy  of  the  weight  reduction  effort,  it  was  considered  desirable 
to  obtain  actual  vehicle  component  weights  to  use  as  a "current"  base.  A Dodge 
Pickup  and  Van  were  obtained  and  disassembled,  and  actual  component  weights  were 
obtained.  Visual  checks  were  made  to  establish  if  individual  components  from  other 
makes  appeared  lighter.  Where  indicated,  actual  minimum  weights  were  established. 

It  was  established  that  Load  and  Passenger  Capacities,  and  Current  Performance 
level  would  be  maintained  to  insure  that  the  reduced  weight  vehicles  could  still  perform 
their  assigned  missions.  A minor  reduction  of  Volume  Capacity  was  considered 
acceptable  for  the  Pickup  and  Utility. 

Design  criteria  were  established  for  the  components  selected  for  specific  weight 
reduction  studies.  These  served  as  guides  to  insure  that  the  "light  weight"  parts  would 
still  perform  their  required  function.  Components  were  selected  on  the  basis  of  their 
significance  to  the  overall  weight  of  the  vehicle,  plus  a technical  judgment  as  to  the 
potential  for  weight  reduction.  The  judgmental  factor  utilized  experience  in  truck 
engineering  to  assess  the  amount  of  redesign  which  could  be  used  to  save  weight 
without  jeopardizing  function  or  durability.  Similar  judgments  we  re  made  for  material 
substitution  based  on  current  state  of  the  art  in  the  substitution  of  light  weight 
materials  for  automotive  applications.  Criteria  selected,  particularly  with  regard  to 
weight  reduction,  are  the  significant  or  governing  ones  for  each  component. 
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The  weight  reduction  methodology  was  divided  into  three  sections. 

a.  Product  Dependent  W eight  (three  approaches  were  used): 

1.  Design  Modification  (Size  Reduction), 

2.  Redesign  (Reduction  of  Weight  by  more  efficient  use  of  materials), 
and 

3.  Material  Substitution  (Use  of  higher  strength  or  lighter  specific 
weight  materials  - aluminum  and  plastics). 

The  Redesign  and  Material  Substitution  weight  reductions  were 
determined  by  means  of  formulas  developed  on  the  basis  of  accep- 
table reductions  in  critical  criteria  such  as  stiffness,  strength,  or 
a combination  of  both.  Reduction  levels  were  established  on  the 
basis  of  current  experimental  or  production  results. 

b.  Power  Dependent  Weight: 

Horsepower  required  for  the  reduced  weight  vehicle  was  established 
at  the  same  level  of  performance  as  current  models.  Factors 
based  on  current  experience  were  established  to  provide  displace- 
ment and  weight  for  the  new  engine.  A formula  was  used,  with 
some  modification,  to  establish  the  weight  reduction  for  other 
powrer  dependent  items. 

c.  Weight  Dependent  Weight: 

A design  formula,  with  some  modification,  was  used  to  determine 
the  weight  reduction  for  chassis  load-carrying  components. 

Finally,  a propagation  study  was  made  to  optimize  the  vehicle  weight  reduction 
as  a result  of  Power  and  Weight  Dependent  reductions.  The  final  weight  saving  result 
is: 


Product  Dependent  Weight  (lbs.) 
Power  Dependent  Weight  (lbs.) 
Weight  Dependent  Weight  (lbs.) 

TOTAL  (lbs.) 

Changes  in  minimum  current  vehicle 


VEHICLE  TYPE 

PICKUP 

VAN 

UTILITY 

-536 

-391 

-551 

-207 

-207 

-317 

-95 

-71 

-107 

-888 

-669 

-975 

weight  are: 
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PICKUP 

VAN 

UTILITY 

Current  Weight  (lbs.) 

3572 

3432 

4277 

W7eight  Reduction  Potential  (lbs.) 

-888 

-669 

-975 

Potential  Curb  Weight  (lbs.) 

2684 

2763 

3302 

A discussion  of  the  anticipated  effects  of  the  weight  reduction  is  provided  in 
Section  6 of  this  report.  Briefly,  these  are: 

A net  cost  penalty  of  approximately 

+$92.41  for  the  Pickup, 

+$44.36  for  the  Van, 

+$58.86  for  the  Utility, 

can  be  anticipated.  These  are  basically  material  cost  penalties;  final  manu- 
facturing costs  could  be  considerably  higher  depending  on  difficulties  encoun- 
tered with  utilization  of  large  tonnages  of  new  material. 

Tooling  costs  for  body  components  are  estimated  to  be  between  $100  and  $200 
million  per  manufacturer  plus  additional  large  expenditures  for  engine,  driveline,  and 
chassis  parts  if  they  cannot  be  common  with  passenger  cars.  Additional  large  sums 
would  also  be  required  for  engineering  and  development. 

Serviceability  would  be  improved  by  use  of  more  6-cylinder  engines,  but  expanded 
use  of  aluminum  could  cause  some  handling  problems  and  higher  costs.  ’’Lighter  trucks” 
and  higher  costs  might  have  some  temporary  negative  reaction,  but  the  long  range 
result  should  be  favorable. 

The  impact  on  the  material  suppliers  and  the  truck  industry  would  be  extremely 
great.  There  is  a serious  question  of  whether  they  would  have  the  capital  and  technical 
resources  to  implement  the  changes  in  the  period  of  1982  to  1985  which  overlaps 
similar  extensive  changes  to  passenger  cars. 
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1.  INTRODUCTION 


The  study  described  in  this  report  identified  the  Weight  Reduction  Potential  for 
Light  Duty  Trucks  for  the  period  1982  - 1985.  The  scope  of  the  project  includes 
Pickups,  Vans  and  Utility  models  of  8500  pounds  GVWR  or  less.  The  weight  reduction 
processes  used  included  Design  Modification,  Redesign,  and  Material  Substitution.  The 
weight  saving  by  Design  Modification  results  from  reduced  component  size.  Redesign 
savings  result  from  a more  efficient  utilization  of  material.  The  savings  from  Material 
Substitution  result  from  selective  applications  of  light  weight  materials  (Aluminum  and 
Plastic)  in  place  of  steel  and  the  use  of  higher  strength  steels  in  other  selected 
applications. 

The  methodology  utilized  first  established  the  Missions  or  functional  uses  required 
of  Light  Duty  Trucks.  The  second  step  consisted  of  selecting  the  Attributes  considered 
significant  to  the  satisfactory  functional  performance  of  the  vehicles.  Appropriate 
makes  and  types  of  trucks  to  be  analyzed  were  then  established.  The  next  step  consisted 
of  the  selection  of  the  specification  to  define  the  Attributes.  The  Attributes  were 
then  compared  to  establish  the  most  efficient  design  on  the  basis  of  functional  capacity 
vs.  vehicle  weight.  Functional  efficiences  and  actual  weights  were  used  to  establish 
the  most  efficient  design  for  each  selected  vehicle  type.  The  most  weight  efficient 
components  were  used  as  a "current"  base  to  which  the  weight  reduction  techniques 
were  applied.  Significant  vehicle  functions  were  maintained.  These  consisted  of  Load, 
Volume  and  Passenger  Capacities,  and  Performance  Potential  equal  to  the  minimum 
level  provided  by  current  domestic  production  vehicles. 

The  Weight  Reduction  methodology  was  organized  in  three  parts: 

1.  Product  Dependent  Weights 

2.  Power  Dependent  Weights 

3.  Weight  Dependent  Weights 

The  product  Dependent  Weight  consists  of  the  basic  vehicle  structure  which  contains 
the  passenger  and  cargo  areas.  Its  size  and  structural  requirements  were  established 
by  the  functional  use  of  the  vehicle.  Three  steps  v/ere  taken  to  determine  the  weight 
reduction  potential: 

1.  Functional  requirements  were  assessed  to  determine  where  the  vehicle  could 
be  made  smaller  and  the  weight  saving  attributed  to  the  reduced  size  estab- 
lished. 
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2.  The  design  criteria  for  components  considered  for  weight  reduction  were 
established,  and  acceptable  reductions  in  criteria  were  determined  based  on 
recent  experience  with  redesign  techniques.  Formulas  were  developed  to 
provide  the  weight  reduction  potential  of  these  revised  criteria. 

3.  The  same  formulas  were  utilized  to  provide  the  weight  reduction  potential  by 
substituting  lighter  materials. 

Power  Dependent  Weight  reduction  was  determined  by  reducing  engine  power  in 
relation  to  weight  reduction  but  at  a constant  performance  leveL.  Formulas  were 
utilized  to  establish  the  weight  saving  of  the  smaller  engine  and  related  Power  Dependent 
components. 

Weight  Dependent  Weight  saving  was  established  both  by  formula  and  by  reference 
to  propagation  effects  on  current  models  when  GVWR  is  increased.  The  components 
in  this  group  consist  of  the  suspension,  brakes,  wheels,  and  tires,  as  well  as  portions 
of  other  components  which  are  partially  affected  by  vehicle  Product  Weight  (steering, 
rear  axle,  transmission,  etc.).  Components  which  were  judged  to  have  little  weight 
reduction  potential,  such  as  soft  trim  and  electrical  parts,  were  not  considered. 

The  summation  of  the  foregoing  weight  reductions  provided  the  potential  weight 
reduction  for  the  selected  vehicles.  Section  6 discusses  the  effect  of  weight  reduction. 
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2.  VEHICLE  IDENTIFICATION  AND  COMPARISON 


2.1  IDENTIFICATION  OF  MISSIONS 

The  light  duty  field  covered  in  this  report  comprises  vehicles  produced  for  a wide 
range  of  commercial  enterprises  as  well  as  for  a growing  portion  of  the  personal 
transportation  and  recreation  vehicle  markets. 

The  principal  truck  missions  and  their  share  of  the  market  are  shown  in  Figure 
2-1.  Since  these  statistics  cover  all  trucks,  the  percentage  of  light  trucks  used  for 
personal  transportation  may  be  even  higher.  Indications  are  that  this  use  of  trucks  is 
continuing  to  increase. 

2.2  IDENTIFICATION  OF  ATTRIBUTES 

In  order  to  insure  that  the  vehicle  weight  reduction  results  of  this  program  do 
not  impair  the  ability  of  the  vehicles  to  perform  their  required  missions,  it  was 
necessary  to  establish  attributes  which  are  significant  to  the  performance  of  the 
missions.  There  are  obviously  many  attributes  which  concern  and  influence  the  potential 
purchaser  of  a light  duty  truck.  The  most  important  of  these  include: 

a.  Load  Capacity, 

b.  Volume  Capacity, 

c.  Passenger  Capacity, 

d.  Performance, 

e.  Durability, 

f.  Fuel  Economy, 

g.  Engine  Type, 

h.  Transmission  Type, 

i.  Ride  and  Handling, 

j.  Options  Available, 

k.  Appearance, 

l.  Ease  of  Maintenance,  and 

m.  Cost. 
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FIGURE  2-1  PRINCIPAL  TRUCK  MISSIONS 


Although  a large  percentage  of  light  duty  trucks  are  now  used  primarily  for 
personal  transp oration,  it  must  be  recognized  that  the  basic  reason  for  the  existence 
of  the  pickup  and  van  is  commercial.  For  many  businesses,  the  initial  cost  and 
operating  expense  of  a light  duty  vehicle  vs.  heavier  models  are  essential  to  their 
profitable  operation.  The  most  significant  attributes  are,  therefore,  those  concerned 
with  the  basic  commercial  missions  of  the  vehicles.  These  are: 

a.  Load  Capacity, 

b.  Volume  Capacity,  and 

c.  Passenger  Capacity. 

Load  Capacity  is  defined  as  the  difference  between  the  Gross  Vehicle  Weight 
Rating  and  the  Curb  Weight  of  the  truck.  More  specifically,  the  definition  may  be 
expressed  as: 

= GVWR  - Curb  Weight 

= Gross  Vehicle  Weight  Rating,  the  maximum 
overall  weight  at  which  the  vehicle  is  de- 
signed to  operate.  GVWR  is  established  by 
the  manufacturer  and  is  the  common  mea- 
sure used  to  classify  the  various  sizes  of 
trucks. 

= Base  vehicle  weight  as  specified  by  the  man- 
ufacturer. Curb  Weight  includes  only  stan- 
dard equipment  (as  included  in  the  base 
price)  and  full  quantities  of  all  fluids. 

= The  weight  of  cargo,  driver,  passengers,  and 
all  extra  equipment  not  included  in  Curb 
Weight. 

It  is  important  to  note  that  the  weight  of  passengers  and  any  extra  equipment 
provided  must  be  subtracted  from  the  Load  Capacity  before  the  true  cargo  load  capacity 
can  be  determined.  Load  Capacity,  is  therefore,  essential  to  the  commercial  user  who 
requires  an  adequate  cargo  load  capacity  and  to  other  users  to  whom  passenger  capacity 
or  special  equipment  capability  are  important.  Load  Capacity  is  considered  the  most 
important  attribute  of  a light  duty  truck  and  will  be  maintained  as  a constant  while 
weight  reduction  efforts  are  directed  at  Curb  Weight. 


a.  Load  Capacity 
where: 

GVWR  (lbs.) 


b.  Curb  Weight 
(lbs.) 


c.  Load  Capacity 
(lbs.) 
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Volume  Capacity  (cu.  ft.)  cannot  be  as  precisely  defined  as  Load  Capacity  but 
is  considered  to  be  the  space  assigned  to  carrying  the  cargo  load.  In  a van  type 
(closed)  vehicle  it  is  the  interior  space  behind  the  driver's  seat.  In  a vehicle  without 
a top  on  the  cargo  area  (Pickup),  volume  is  considered  to  be  the  usual  manufacturer's 
specification  of  volume  measured  to  the  top  of  the  permanent  sides.  It  is  recognized 
that  specific  loads  higher  than  the  sides  can  be  carried,  but  a uniform  and  generally 
recognized  definition  is  required. 

For  carrying  many  types  of  cargo,  Volume  Capacity  may  be  as  important  as  Load 
Capacity.  One  common  standard  for  adequate  volume  seems  to  be  a minimum  of  four 
feet  (4.0’)  of  clear  load  space  between  the  rear  wheel  housings.  This  is  based  on  the 
widespread  use  of  this  dimension  as  a unit  size  for  building  materials  and  cargo 
containers.  The  availability  of  a body  with  an  eight  foot  (8.0')  cargo  area  length 
(shorter  body  lengths  are  offered)  is  also  considered  necessary  for  similar  reasons. 
These  dimensions  will  be  maintained  in  redesigns  directed  toward  Curb  Weight  reduction. 

Passenger  Capacity  is  defined  as  the  number  of  seating  positions  designated  by 
the  manufacturer.  The  number  of  seating  positions  is  important  in  order  to  provide 
for  transport  of  work  personnel  in  cargo  vehicles  and  passengers  in  a van-wagon  type 
vehicle.  Current  Passenger  Capacities  will  be  maintained  in  the  reduced  weight  designs. 
Since  all  pickup  cabs  built  domestically  carry  three  passengers  and  will  retain  that 
capacity,  and  since  all  these  cabs  have  similar  dimensions,  specific  Passenger  Capacity 
comparisons  will  not  be  made  for  pickups. 

Petention  of  current  Load,  Volume  and  Passenger  Capacities  will  of  course  have 
a limiting  effect  on  the  weight  reduction  potential  of  light  duty  vehicles.  However, 
personnel  in  the  truck  field,  support  the  position  that  these  attributes  need  to  be 
maintained  for  at  least  a sizeable  portion  of  vehicles  in  the  light  duty  field.  However, 
there  does  appear  to  be  a potential  for  further  weight  reduction  by  decreasing  the 
size  of  some  percentage  of  the  vehicles  to  the  so  called  "compact"  size.  A procedure 
comparable  to  that  developed  in  this  study  for  full  size  vehicles  could  be  applied  to 
minimize  the  weight  of  the  compacts.  This  subject  should  be  considered  as  a separate 
study  in  order  to  achieve  the  maximum  benefits  from  the  overall  weight  reduction 
effort. 

Performance  Capability,  while  not  considered  as  significant  as  Load,  Volume  and 
Passenger  Capacity,  is  still  a significant  attribute  to  be  considered  in  a weight  reduction 
programs.  Since  a quantitative  evaluation  of  the  effects  of  reduced  performance  on 
the  ability  of  a light  duty  truck  to  perform  its  functional  requirements  is  beyond  the 
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scope  of  this  project,  current  minimum  performance  levels  will  be  maintained  for  the 
reduced  weight  vehicles.  Reduced  performance  levels  could  also  have  an  impact  on 
traffic  flow,  particularly  in  urban  areas.  This  should  be  evaluated  before  significant 
reduction  in  performance  levels  are  advocated. 

Performance  Capability  is  commonly  measured  by: 

2 

Acceleration  (ft. /sec.  ) = a measure  of  the  agility  of  a vehicle 

in  changing  from  one  speed  to  a higher 
speed. 

Gradeability  (%)  = a measure  of  the  capability  of  a vehicle 

to  negotiate  a "grade’'  which  is  the  slope 
of  the  roadway  from  one  elevation  to 
a higher  one. 

Maximum  Tractive  Effort  (lbs.)  is  also  a significant  factor  for  trucks.  It  is 
defined  as  the  maximum  force  the  powertrain  can  develop  at  the  driving  wheel  contact 
with  the  ground.  It  is  important  because  of  the  requirement  to  start  the  loaded  vehicle 
on  a grade  (at  a loading  dock,  for  example). 

Because  of  the  many  variables  involved,  it  is  difficult  to  accurately  calculate 
Acceleration  and  Gradeability.  However,  the  ratio  of  Power  Available  to  Gross  Vehicle 
Weight  is  the  dominant  factor  in  these  calculations.  This  is  particularly  true  when 
vehicles  of  similar  size  and  configuration  are  compared  in  that  it  provides  a reasonable 
measure  of  Performance  Capability.  Therefore,  HP/GVWR  will  be  utilized  in  this 
report  to  provide  comparable  levels  of  performance  of  Acceleration  and  Gradeability 
between  current  production  and  reduced  weight  proposals. 

Tractive  Effort,  on  the  other  hand,  requires  more  definitive  calculations  because 
of  the  significant  influence  of  engine  torque  (rather  than  power)  and  powertrain  elements 
(transmission  and  axle  ratios,  and  tire  size).  Manufacturers'  minimum  recommendations 
will  be  maintained  for  startup  Gradeability. 

While  considered  significant  to  the  performance  of  the  missions,  the  following 
"Comfort-Convenience”  attributes  will  be  retained  for  customer  satisfaction  because 
they  are  so  well  established: 

a.  Automatic  Transmission, 

b.  Air  Conditioning, 

c.  Power  Brakes,  and 

d.  Power  Steering. 

Since  all  accessories  and  options  reduce  cargo  load  capacity,  the  selection  of 
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options  appears  to  be  a matter  of  personal  choice  determined  by  the  ultimate  mission 
of  a particular  vehicle.  Therefore,  the  specifications  used  for  attribute  comparison 
and  weight  reduction  analysis  are  for  standard  equipment  only.  A supplemental  weight 
analysis  is  provided  for  the  special  equipment  options  included  in  a 33  percent  or  more 
usage  category  used  by  manufacturers  in  classifying  vehicles  for  EPA  fuel  economy 
inertia  weight  categories. 

In  summary,  the  attributes  which  will  be  quantified  and  compared  in  this  report 

are: 

a.  Load  Capacity, 

b.  Volume  Capacity, 

c.  Passenger  Capacity  (Van  and  Utility  only),  and 

d.  Performance. 

2.3  IDENTIFICATION  OF  VEHICLE  CLASSIFICATIONS 

The  official  scope  of  this  project  covers  a broad  classification  of  ’Tight  duty 
trucks"  up  to  and  including  8500  pound  GVWR.  The  8500  pound  limitation  conforms 
to  the  current  EPA  classification  of  fuel  economy  standards  for  this  class  of  vehicle. 

The  light  duty  field,  as  it  is  commonly  defined,  includes  all  non-passenger  type 
automotive  vehicles  up  to  10,000  pounds  GVWR.  A multitude  of  models  of  several 
different  makes  are  included  within  this  broad  category,  including  a variety  of  specialized 
vehicles  and  body  types.  In  order  to  limit  the  vehicles  considered  for  the  weight 
reduction  potential  investigation  to  a workable  number,  only  those  vehicles  with  a 
significant  percentage  of  the  total  volume  of  this  category  will  be  considered.  The 
following  list  indicates  some  of  the  types  excluded: 

a.  Military  Vehicles, 

b.  Off-road  (exclusively)  Vehicles, 

c.  Electric  Powered  Vehicles,  and 

d.  Specialized  bodies  on  a production  chassis  or  chassis  and  cab 
(motor  homes,  emergency  and  public  utility  vehicles, etc.) 

In  most  instances,  the  majority  of  weight  savings  achieved  on  the  production 
portion  of  these  vehicles  will  also  apply  to  them. 
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The  foregoing  exclusions  still  leave  a broad  spectrum  of  vehicles  in  the  so-called 
"production”  category.  Appendix  A provides  an  overview  of  the  variety  of  models 
offered  in  this  'Tight  duty  truck"  classification. 

It  will  be  noted  that  five  manufacturers  are  included.  This  consitutes  the  extent 
of  domestic  companies  manufacturing  road  type  (i.e.,  those  designed  for  highway  or 
combination  highway-off  road  use)  production  vehicles  (i.e.,  those  with  any  significant 
volume).  GMC  is  not  included,  because  the  vehicles  offered  are  identical  to  Chevrolet 
except  for  name  plate  and  minor  trim  items.  For  reference,  a brief  discussion  of 
the  apparent  design  philosophy  of  each  of  the  manufacturers  is  also  included  in 
Appendix  A. 

Examination  of  the  charts  in  Appendix  A indicates  that  there  are  three  basic 
types  of  vehicles: 

a.  Pickup  (Figure  2-2), 

b.  Van  (Figure  2-3),  and 

c.  Utility  (Figure  2-4). 

The  Pickup  classification  provides  the  well  known  open  type  cargo  box  as  a 
manufacturers'  supplied  vehicle.  The  chassis  and  cab  is  also  available  without  the 
cargo  box  for  those  wishing  to  provide  a specialized  body.  The  pickups  supplied  by 
the  big  three  manufacturers  also  have  the  following  options: 

A flush-sided  cargo  box 

or 

A cargo  box  within  the  wheels  with  external  fenders. 

Since  the  flush  side  box  accounts  for  a high  percentage  of  the  production  volume 
it  will  be  considered.  It  is  also  the  lighter  of  the  production  volume  it  will  be  the 

only  one  considered.  It  is  also  the  lighter  of  the  two  constructions.  Futhermore, 

the  flush  side  box  is  also  offered  in  foot  and  8 foot  lengths.  Again,  since  the  8 

foot  box  constitutes  a high  percentage  of  the  total  volume  and  is  the  only  size 

available  above  the  base  models  (about  6000  pounds  GVWR),  it  was  selected  as  the 
base  for  this  project.  The  Pickup  classification  also  includes  a choice  of  three 
different  cabs: 

Conventional  - two  door  with  single  bench  seat  and  three-passenger  capacity. 

Club  - two  or  four  door  with  three-passenger  normal  capacity  but 
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FIGURE  2-2  LIGHT  DUTY  TRUCK  - PICKUP 
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FIGURE  2-3  LIGHT  DUTY  TRUCK  - VAN 
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FIGURE  2-4  LIGHT  DUTY  TRUCK  - UTILITY 


with  added  space  behind  the  seat  for  cargo  or  additional 
passenger  capacity. 

Crew  - an  extended  cab  with  four  instead  of  two  doors  and  a full 

width  rear  seat  added  for  six-passenger  capacity. 

The  specialized  cabs  use  the  same  cargo  boxes  as  the  conventional  cab  requiring 
an  extended  chassis.  Since  these  special  cabs  constitute  a very  small  percentage  of 
total  pickup  production  and  utilize  in  general  the  same  components  except  for  the 
rear  section  of  the  cab,  they  will  not  be  separately  considered  in  this  study. 

The  Pickup  classification  also  includes  4-wheel  drive  models  as  well  as  the 
common  2-wheel  drive.  Since  the  4-wheel  drive  versions  constitute  a relatively  small 
percentage  of  production,  and  the  special  chassis  and  powertrain  elements  are  common 
with  the  Utility  vehicles,  they  will  not  be  included  in  the  Pickup  classification.  The 
4-wheel  drive  components  will  be  covered  under  the  Utility  classification. 

The  Van  (Figure  2-3)  classification  is  characterized  by  a single  large  volume 
enclosed  body.  The  driver  and  optional  passenger  seat  are  included  in  the  same  body 
enclosure  as  the  cargo  area.  Current  production  vans  have  a modified  or  semi-forward 
control  position  for  driver  and  passenger  located  alongside  the  engine.  This  is  done 
to  reduce  overall  length  and  to  provide  a more  compact  vehicle.  The  current  designs 
grew  out  of  the  "compact”  vans  of  the  early  1960’s. 

The  terminology  "Van"  is  often  applied  to  separate  bodies  of  the  enclosed  type, 
mounted  on  either  a "pickup  type"  cab  and  chassis  or  a "van  type"  forward  section. 
These  special  body  types  are  not  included  under  the  "Van"  classification  in  this  study. 

There  are  also  forward-control  "steps"  vans  supplied  by  some  manufacturers. 
These  get  their  name  from  the  low  floor  in  the  driver  area  to  facilitate  entry  and 
exit  for  the  driver  in  typical  "door  to  door"  delivery  missions.  The  forward  control 
also  provides  a shorter  overall  length  for  easier  handling  under  crowded  urban 
conditions.  Since  this  type  of  truck  represents  a small  percentage  of  the  light  duty 
field  and  most  models  are  in  the  8500  to  10,000  pounds  GVWR  class,  they  will  not 
be  included  in  this  report. 

The  Van  classification  in  this  report  will  include  the  Van-Wagon  type  vehicle 
since  it  utilizes  the  same  body  and  chassis  as  the  commercial  van.  The  weight  saving 
potential  for  the  "Van"  applies  to  both  type  vehicles. 

The  Utility  (Figure  2-4)  classification  applies  to  the  rather  specialized  vehicle 
designed  primarily  for  personal  transportation  and  recreational  use.  However,  in 
recent  years  it  has  achieved  a significant  volume  level  and  is  therefore  included  in 
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this  study.  It  is  considered  a part  of  the  light  duty  truck  fleet  because  it  shares  a 
great  many  components  (front  end  sheet  metal  and  chassis)  with  the  pickup  truck  and 

is  designed  by  truck  rather  than  passenger  car  criteria.  Most  vehicles  sold  in  this 

classification  are  4-wheel  drive  although  Chevrolet,  Dodge  and  International  also  offer 
2-wheel  drive  versions.  Only  the  4-wheel  drive  is  included  in  this  report. 

Unlike  the  Pickup  and  Van  classifications,  the  Utility  models  of  the  different 
manufacturers  differ  in  standard  equipment  supplied  with  the  base  vehicle.  For 
purposes  of  analysis  and  comparison,  all  models  in  this  study  include  a hard  top  and 
a passenger  front  seat,  although  they  are  not  standard  on  all  models. 

One  other  type  not  included  is  the  Truck  Station  Wagon  (not  the  Van-Wagon) 
offered  only  by  Chevrolet  and  AMC.  These  models  represent  a somewhat  specialized 
and  small  percentage  of  the  market.  Since  they  share  chassis,  powertrain  and  many 
body  components  with  the  Pickup  and  Utility,  they  will  not  be  considered  separately. 

While  the  weight  reduction  analysis  of  this  study  limits  itself  to  the  selected 
vehicles  of  domestic  manufacturers,  a few  representative  foreign  built  models  are 

included  in  the  attribute  comparison  section  to  provide  a feel  for  the  effectiveness 

of  foreign  designs  in  the  areas  selected  for  comparison.  Foreign  models  were  not 
included  in  the  weight  reduction  analysis  because  a detailed  examination  of  their 
specifications  indicated  that  they  are  not  comparable  with  domestic  models  in  one 
or  more  of  the  selected  significant  attributes.  Most  foreign  models  have  significantly 
reduced  load  and/or  volume  capacity.  They  also  have  performance  capabilities 
considerably  below  the  minimum  established  for  domestic  models.  Specifications  for 
the  following  foreign  built  makes  and  models  were  reviewed: 

a.  European 

Bedford 

CF 

British  Leyland 

Sherpa  240  and  250 
Land  Rover 
Range  Rover 
Daimler  - Benz 
L206  and  L207 
L306  and  L307 
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Fiat 


238 

242 

616 

Ford 

100  thru  190 
A0410,  509  and  510 
L407  and  409 
Peugeot  - Citroen 
C-35 

J7  and  J70 
404 
Renault 

R2136  and  2137 
Volkswagen 

LT28,  31  and  35 

b.  Japanese 

Daihatsu 

360 

550 

SV17,  18  and  26 
DV23,  26  and  28 
F10  and  F20 
Honda 
TN360 
Isuzu 

KB20  and  25 
KA41  and  51 


2 


13 


TL23 


Mitsubishi 
Colt  T120 
Minica 
Minicab 
Canter 

Nissan  (Datsun) 

Datsun  1200  and  1500 
Datsun  C20 
Nissan  E20 
Nissan  Homer 
Nissan  Junior 
Nissan  Clipper 
Nissan  Caball 
Nissan  Patrol 
Subaru 
360 
500 
Suzuki 

L60  and  L60V 
ST20 
LJ50 
Mazda 

1000  and  1200 
B1600 
F1000 
D1500 
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E2800  and  2700 


Toyota 

1000 

Hi-Lux 

Stout 

Hi-Ace 

Toyo-Ace 

Dyna 

Land  Cruisers 

In  summary,  the  classifications  of  vehicles  included  in  this  study  are: 

a.  Makes: 

AMC(Jeep) 

Chevrolet  (GMC,  same) 

Dodge 

Ford 

International 

b.  Types: 

Pickup 

Van 

Van  Wagon 

Utility  (4-wheel  drive) 

c.  Range 

Up  to  8500  pounds  GVWR 

As  indicated  in  Figure  2-5,  the  above  selected  types  constitute  approximately 
91  percent  of  the  vehicles  in  the  light  duty  field  up  to  10,000  pounds  GVWR.  Since 
most  of  the  ''multi-stop''  vehicles  and  a large  percentage  of  the  "other  body  types" 
fall  in  the  8500-10,000  pounds  GVWR  range,  the  percentage  of  the  selected  types  is 
even  higher  in  the  range  up  to  8500  pounds  GVWR. 
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FIGURE  2-5  DISTRIBUTION  OF  TRUCK  SALES  BY  SIZE  - 1976 


2.4  SELECTION  OF  SPECIFICATIONS  TO  DEFINE  ATTRIBUTES 

Specification  data  were  obtained  from  Manufacturer's  Truck  Data  Books  and 
Body  Builder's  Books  also  supplied  by  the  vehicle  manufacturers.  All  data  selected 
were  for  the  1978  models. 

For  the  makes  and  types  of  vehicles  previously  selected,  the  following  data  were 
obtained  and  tabulated: 

Model  Designation 

GVWR  (lbs.) 

Wheelbase  (in.) 

Curb  Weight  (lbs.) 

Cargo  Area  Volume  (cu.  ft.) 

Length  (in.) 

Width  (in.) 

Height  (in.) 

From  the  above  data,  Load  and  Volume  Capacity  calculations  were  made  and 
recorded.  Passenger  Capacity  and,  in  some  cases  where  provided,  Load  and  Volume 
Capacity  were  obtained  directly  from  the  Data  Books. 

All  data  including  Load,  Volume  and  Passenger  Capacities  are  tabulated  in 
Appendix  B. 

2.5  ATTRIBUTE  COMPARISON  (LOAD,  VOLUME  AND  PASSENGER  CAPACITY) 

The  quantification  of  the  attributes  of  Load,  Volume  and  Passenger  Capacity 
provides  a means  of  comparing  the  effectiveness  of  the  vehicle  designs  by  relating 
the  Capacity  to  the  Curb  Weight  of  each  model. 

The  following  ratios  were  therefore  calculated  and  recorded: 

Load  Efficiency  = Load  Capacity  (lbs.) 

Curb  Weight  (lbs.) 

Volume  Efficiency  = Volume  Capacity  (cu.  ft.) 

Curb  Weight  (lbs.) 

Passenger  Efficiency  = Passenger  Capacity  (no.) 

Curb  Weight  (lbs.) 
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The  Efficiencies  are  recorded  on  the  same  data  sheets  with  the  Capacities.  See 
Appendix  B. 

2.5.1  Load  Efficiency  Comparisons 

To  more  effectively  present  the  extensive  amount  of  numerical  data  graphic 
displays  have  been  prepared  which  compare  the  attributes  of  the  various  makes  and 
types  of  vehicles.  The  Load  Efficiencies  are  displayed  graphically  in  Figures  2-6,  2-7 
and  2-8.  The  values  are  grouped  by  make,  model  and  wheelbase.  Each  bar  represents 
a GVWR  for  that  group. 

The  pickup  comparison  (Figure  2-6)  indicates  that  Dodge  has  the  most  efficient 
design  of  the  models  manufactured  domestically,  based  on  this  method  of  comparison. 
AMC  is  not  included  in  the  Pickup  chart  because  their  pickup  models  are  4-v;heel 
drive  and  are  not  directly  comparable  (a  special  comparison  will  be  provided  later  in 
the  report).  International  does  not  have  a comparable  model  either.  The  imported 
compact  models  of  Chevrolet  and  Ford  Pickups  (Luv  and  Courier)  are  included  for 
comparison  as  are  the  specialized  passenger  car  derivatives  (El  Camino  and  Ranchero). 
These  models  should  not  be  directly  compared  as  will  be  explained  later  in  the 
comparison. 

Van  models  are  compared  in  Figure  2-7.  There  are  no  comparable  imported 
vans.  The  Volkswagen  is  an  obsolete  design  with  forward  seating  positions  for  driver 
and  passenger  which  are  not  compatible  with  U.  S.  safety  standards.  The  Load 
Efficiencies  for  vans  are  not  as  consistent  between  makes  as  is  the  case  for  pickups. 
This  is  partly  the  result  of  less  consistency  between  GVWRs  for  comparable  models. 
For  a given  design,  GVWR  can  be  increased  significantly  without  a corresponding 
increase  in  Curb  Weight.  By  using  minimum  GVWR  models  for  comparison,  as  was 
done  for  the  pickup,  the  considerably  heavier  Ford  appears  to  be  the  most  efficient. 
However,  it  should  be  noted  that  the  Ford  also  has  a much  higher  GVWR  than  Dodge. 
Since  all  of  the  three  makes  have  approximately  the  same  cargo  volume,  the  comparison 
should  be  made  between  models  having  a more  nearly  equal  GVWR.  This  comparison 
is  indicated  by  the  cross-hatched  bars  in  Figure  2-7.  On  this  basis,  the  Dodge  is  the 
most  efficient.  A review  of  other  models  at  higher  but  comparable  GVWRs  confirms 
the  higher  efficiency  of  the  Dodge. 

Load  Efficiencies  for  the  Utility  vehicles  are  difficult  to  compare  (Figure  2-8) 
because  of  the  wide  range  of  vehicle  sizes.  Among  directly  comparable  vehicles,  the 
Chevrolet  and  Dodge  are  the  same  for  4-wheel  drive  models.  The  smaller  Ford  and 
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CHEVROLET  DODGE  FORD 
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FIGURE  2-6  LOAD  EFFICIENCY  - PER  GVWR.  LIGHT  DUTY  TRUCKS  - PICKUP 
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FIGURE  2-7  LOAD  EFFICIENCY  - PER  GVWR.  LIGHT  DUTY  TRUCKS  - VAN 


AMERICAN  CHEVROLET  DODGE  FORD  INTERNATIONAL 
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FIGURE  2-8  LOAD  EFFICIENCY  - PER  GVWR.  LIGHT  DUTY  TRUCK  - UTILITY 


AMC  models  are  less  efficient.  The  International  is  the  most  efficient,  but  its  Curb 
Weight/GVWR  ratio  is  not  the  same  (0.6  vs.  0.7  for  Chevrolet  and  Dodge).  Therefore, 
a direct  comparison  is  questionable.  The  Curb  Weight/GVWR  ratio  is  another  means 
of  establishing  the  most  comparable  models  for  comparing  efficiencies.  It  will  be 
discussed  in  more  detail  in  connection  with  compact  models. 

2.5.2  Volume  Efficiency  Comparisons 

Similar  Volume  Efficiency  comparison  charts  are  shown  in  Figures  2-9  and  2-10. 
There  is  no  significant  change  in  Volume  Efficiency  with  increase  in  GVWR  since  the 
volume  is  a constant  for  a comparable  size  vehicle.  There  is  also  no  significant 
difference  in  Volume  Capacity  between  the  different  makes  of  domestic  pickups  and 
vans.  It  is  important  to  note  that  the  volume  of  the  compact  pickups  is  substantially 
less  than  the  full  size  models  and,  therefore,  should  not  be  directly  compared  because 
they  cannot  perform  equivalent  tasks. 

The  charts  indicate  that  Dodge  is  the  most  efficient  pickup  design  with  a less 
clearly  defined  difference  between  Vans  because  of  a difference  in  GVWRs.  Selecting 
models  with  GVWRs  as  close  as  possible  gives: 


Chevrolet 

Dodge 

Ford 

GVWR 

4900 

4800 

5150 

Volume  Efficiency 

0.337 

0.389 

0.357 

Curb  Weight/GVWR 

0.75 

0.72 

0.74 

The  Curb  Weight/GVWR  ratio  is  proportional  to  the  Efficiency  differences.  The 
Dodge  is  selected  as  the  most  efficient  based  on  the  foregoing  comparison. 

Graphical  comparisons  are  not  provided  for  the  Volume  Efficiencies  of  the  Utility 
vehicles  because  volume  is  not  particularly  significant.  This  is  because  Utility  vehicles 
are  not  basically  commercial  vehicles,  and  the  design  sizes  are  significantly  different, 
so  direct  comparisons  would  be  questionable. 

2.5.3  Passenger  Efficiency  Comparisons 

Passenger  efficiencies  are  shown  in  Figures  2-11  and  2-12.  Comparisons  were 
considered  significant  only  for  the  multi-passenger  models  of  Van-Wagon  and  the  Utility 
vehicles.  Efficiencies  were  established  on  the  basis  of  the  maximum  seating  capacity 
specified  for  each  model  by  the  manufacturer  even  though  special  equipment  seating 
packages  were  involved. 
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CHEVROLET  DODGE  FORD 
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FIGURE  2-9  VOLUME  EFFICIENCY  - PER  GVWR.  LIGHT  DUTY  TRUCKS  - PICKUPS 
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FIGURE  2-10  VOLUME  EFFICIENCY  - PER  GVWR. LIGHT  DUTY  TRUCKS 
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FIGURE  2-11  PASSENGER  EFFICIENCY  LIGHT  DUTY  TRUCKS  - VAN  WAGON 
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FIGURE  2-12  PASSENGER  EFFICIENCY.  LIGHT  DUTY  TRUCKS  - UTILITY 


The  values  indicated  that  the  Dodge  Van  is  the  most  efficient  for  each  of  the 
passenger  capacities.  The  Dodge  "Maxi-Van,"  which  is  an  extension  of  the  body  without 
increase  in  wheelbase,  provides  for  an  extra  3 passenger  (15  total)  and  high  efficiency. 
The  Utility  Passenger  Efficiencies  indicate  the  International  to  be  the  most  efficient. 
As  previously  indicated,  it  is  also  smaller  than  the  Chevrolet  and  Dodge.  The  AMC 
Jeep  is  not  comparable  because  it  only  accommodates  two  passengers. 

2.5.4  Supplemental  Comparisons 


Because  of  the  large  amount  of  data  involved,  several  additional  charts  have 
been  prepared  to  present  the  most  significant  comparisons. 

2. 5. 4.1  Load  and  Volume  - Domestic  Pickups  - Figure  2-13  compares  the  basic  lowest 
GVWR  Pickup  models  of  the  three  large  domestic  manufacturers.  These  models  are 
generally  representative  of  the  comparative  efficiency  of  the  designs  despite  a slight 
difference  in  the  Curb  Weight/GVWR  ratios.  Since  the  Volume  Efficiencies  are 
essentially  the  same,  the  higher  Load  Efficiency  of  the  Dodge  is  a meaningful  value. 
For  reference,  the  absolute  values  of  Curb  Weight,  Load  and  Volume  Capacities  for 
the  same  models  are  shown  in  Table  2-1.  Again,  the  absolute  vales  for  Volume  are 
essentially  the  same  but  the  Dodge  has  substantially  higher  Load  Capacity  and  lower 
Curb  Weight.  Since  the  vehicles  are  essentially  the  same  size,  Table  2-2,  and  there 
are  no  basic  design  differences  (except  front  suspension),  the  lighter  weight  of  the 
Dodge  appears  to  be  the  result  of  small  differences  in  most  components. 

2. 5. 4. 2 Load  And  Volume  - U.  S.  vs.  Imported  Compact  Pickups  - A comparison 
between  the  most  efficient  U.  S.  conventional  size  pickup  (Dodge)  and  representative 
foreign  captive  import  models  is  shown  in  Figure  2-14.  The  shorter  115-inch  wheelbase 
Dodge  model  is  used  for  this  comparison  because  it  is  closer  to  the  cargo  box  length 
of  the  compacts.  The  Chevrolet  Luv  and  Ford  Courier  are  also  representative  of  the 
imported  Datsuns  and  Toyotas,  and  other  domestic  Japanese  designs. 

The  validity  of  the  comparison  between  these  foreign  built  models  and  the  lowest 
GVWR  model  of  a domestic  series  is  questionable.  Figure  2-15  illustrates  the  rise  in 
Load  Efficiency  with  higher  GVWR  in  a family  of  models  of  the  same  basic  design. 
This  relationship  exists  because  only  the  load-dependent  components  of  the  curb  weight, 
such  as  the  springs,  brakes,  wheels  and  tires,  etc.,  are  changed  to  increase  the  GVWR, 
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FIGURE  2-13  LOAD  AND  VOLUME  EFFICIENCIES.  LIGHT  DUTY  TRUCKS  - PICKUP  (DOMESTIC) 


TABLE  2-1  CURB  WEIGHT,  LOAD  AND  VOLUME  CAPACITY  COMPARISON, 

CONVENTIONAL  PICKUP 


CHEVROLET  C-10 
131.5"  W/B 

DODGE  D-lOO 
131"  W/B 

FORD  F-100 
133"  W/B 

Curb  Weight  (Lbs.) 

3778 

3580 

3625 

Load  Capacity  (Lbs. ) 

1122 

1420 

1175 

Volume  Capacity  (Ft.  3) 

74.3 

76.6 

73.6 

TABLE 

2-2  DIMENSIONAL 

COMPARISON, 

CONVENTIONAL  PICKUP 

CHEVROLET 

DODGE 

FORD 

Wheelbase  (In.) 

131.5 

131.0 

133.0 

Overall  Length  (In.) 

211.4 

210.2 

211.3 

Width  (In.) 

79.6 

79.5 

79.1 

Height  (In.) 

69.8 

67.8 

70.9 

Cargo  Box 

Length  (In.) 

98.1 

98.0 

98.2 

Width  (In.) 

72.0 

70.0 

70.0 

Height  (in.) 

19.5 

19.1 

19.3 

Between  Wheels  ( In . ) 

50.0 

51.0 

50.8 
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FIGURE  2-14  LOAD  AND  VOLUME  EFFICIENCIES.  LIGHT  DUTY  TRUCKS 

(DOMESTIC  VS.  IMPORTS) 
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FIGURE  2-15  LOAD  EFFICIENCY  VS.  GVWR  - PICKUP 


and  the  increase  in  their  weight  is  only  a small  percentage  of  the  increase  in  GVWR. 
Other  components  of  the  basic  design  (cab,  front  sheet  metal,  cargo  box,  etc.)  are 
common  for  all  GVWR’s.  Since  the  basic  design  concepts  of  the  compacts  (separate 
frame,  cab  and  cargo  box)  are  similar  to  the  domestic  models,  a means  of  establishing 
a more  representative  comparison  would  be  by  use  of  similar  Curb  Weight/GVWR  ratios. 
If  a Dodge  model  with  the  same  Curb  Weight/GVWR  ratio  as  the  Luv  were  selected 
for  comparisons: 

Luv  2440  = 0.6 
3950 

Dodge  D150  3635  = 0.6 
6100 

then,  the  Load  and  Volume  Efficiencies  of  the  Dodge  would  be  as  shown  by  the  shaded 
bars  (Figure  2-14).  This  indicates  that  the  domestic  model  has  a more  efficient  design 
based  on  this  modified  basis  of  comparison. 

It  is  interesting  to  note,  as  shown  in  Table  2-3,  that  the  Luv  carries  nearly  the 
same  payload  as  the  Dodge  at  about  1000  pounds  less  Curb  Weight.  However,  this 
can  be  misleading  unless  a representative  base  for  comparison  is  established  as  discussed 
above.  The  size  of  the  compact  truck  is  also  significantly  less  as  shown  in  Table  2-4. 
This  size  vehicle,  therefore,  cannot  be  considered  as  a functional  replacement  for  the 
current  conventional  size  domestic  manufactured  pickup. 

2. 5. 4. 3 Load  and  Volume  - 4-Wheel  Drive  Pickups  - Although  4-wheel  drive  pickups 
are  not  included  in  the  weight  reduction  analysis,  for  reference,  an  AMC  Jeep  pickup 
is  compared  to  a comparable  Dodge  4-wheel  drive  model  in  Figure  2-16.  The  Dodge 
is  slightly  superior  in  Load  Efficiency  and  the  makes  are  equal  in  Volume  Efficiency. 
Actual  Curb  Weights  are  very  close  (Table  2-5)  and  the  Dodge  has  a slightly  greater 
Load  Capacity.  Table  2-6  shows  the  vehicles  to  be  approximately  equal  in  size  although 
the  Dodge  has  slightly  more  length  and  width  in  the  cargo  box. 

2. 5. 4.4  Load  and  Volume  - U.  S.  vs.  Foreign  Pickup  - A direct  comparison  between 
U.S.  built  conventional  pickups  and  foreign  models  is  not  appropriate  because  the 
European  and  Japanese  markets  do  not  have  a directly  comparable  model.  European 
trucks  with  an  open  cargo  box  are  either  derivatives  of  a forward  control  van  or  have 
a platform  cargo  body  (over  the  wheels)  with  low  sides  that  are  usually  hinged.  The 
van  derivatives  generally  have  the  seating  position  ahead  of  the  wheels,  which  is  not 
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TABLE  2-3  CURB  WEIGHT,  LOAD  AND  VOLUME  CAPACITY  COMPARISON, 
U.S.  CONVENTIONAL  vs  IMPORTED  COMPACT  PICKUP 


DODGE 

CHEVROLET 

FORD 

D-lOO 

LUV 

COURIER 

Curb  Weight  (Lbs. ) 

3465 

2440 

2551 

Load  Capacity  (Lbs.) 

1535 

1510 

1400 

Volume  Capacity  (Ft.3  ) 

61.1 

38.0 

33.4 

TABLE  2-4  DIMENSIONAL  COMPARISON, 

U.S.  CONVENTIONAL  vs  IMPORTED  COMPACT  PICKUP 


DODGE 

CHEVROLET 

FORD 

D-100 

LUV 

COURIER 

Wheelbase  (In.) 

115.0 

102.4 

106.9 

Overall  Length  (In.) 

190.2 

173.8 

177.9 

Width  (In.) 

79.6 

63.0 

63.0 

Height  (In.) 

69.8 

59.3 

61.5 

Cargo  Box 

Length  (In.) 

78.0 

73.0 

75.0 

Width  (In.) 

70.0 

57.5 

61.4 

Height  (In.) 

19.1 

15.6 

16.1 

Between  Wheels  ( In . ) 

51.0 

39.4 

38.6 
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FIGURE  2-16  LOAD  AND  VOLUME  EFFICIENCIES. LIGHT  DUTY  TRUCKS  - FOUR  WHEEL  DRIVE  PICKUP 


TABLE  2-5  CURB  WEIGHT,  LOAD  AND  VOLUME  CAPACITY  COMPARISON, 
DODGE  vs  ATC  (JEEP)  PICKUP 


DODGE 

W-2QO  AMC 

Curb  Weight  (Lbs.)  4295  4269 

Load  Capacity  (Lbs.)  2605  2531 

Volume  Capacity  ( Ft . ^ ) 76.6  76.6 

TABLE  2-6  DIMENSIONAL  COMPARISON, 

DODGE  vs  AMC  (JEEP)  PICKUP 

DODGE 

W-200  AMC 

Wheelbase  (In.)  131.0  130.7 

Overall  Length  (In.)  210.2  204.5 

Width  (In.)  79.5  78.9 

Height  (In.)  67.8  69.1 

Cargo  Box 

Length  (In.)  98.0  95.6 

Width  (In.)  70.0  68.0 

Height  (In.)  19.1  20.5 

Between  Wheels  (In.)  51.0  49.75 
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considered  acceptable  for  front  impact  safety  in  the  U.S.  (Early  U.S.  compact  vans 
had  this  type  of  layout.)  The  platform  body  is  comparable  to  U.S.  platform  or  stake 
bodies  on  a light  truck  cab  and  chassis,  but  not  to  a conventional  pickup,  although 
they  do  provide  for  additional  cargo  area  vs.  a pickup  of  the  same  size.  Japanese 
domestic  models  are  either  comparable  to  the  Imports  (Luv  and  Courier),  similar  to 
European  models,  or  so  small  they  cannot  be  realistically  compared  to  the  conventional 
U.S.  pickup.  Furthermore,  the  mini-pickups  of  Japan  appear  to  have  designs  similar 
to  the  larger  imported  models  and  further  comparison  would  not  be  productive. 

However,  one  European  van  derivative  does  have  a U.S.  van  type  seating  position 
(forward  control  but  not  ahead  of  wheels)  and  for  reference  it  will  be  compared  with 
a domestic  pickup  of  similar  GVWR  and  Curb  Weight/GVWR  ratio.  The  vehicle  is  a 
Citreon  Fiat  produced  jointly  by  both  manufacturers  for  the  European  market.  It  is 
produced  in  both  pickup  and  van  versions.  Unlike  U.S.  Pickups,  the  C-F  model  is  a 
derivative  of  the  van  with  the  same  forward  control  seating  position  (similar  to  U.S. 
vans),  and  uses  the  same  basic  unitized  structure  but  without  a roof  over  the  cargo 
area.  The  conventional  Dodge  pickup  selected  as  most  suitable  for  comparison  is  a 
D-200  131-inch  wheelbase  model.  The  basis  for  selecting  the  D-200  is  shown  below: 

Dodge  D-200  Fiat  242-15 

GVWR  6900  6600 

Curb  Weight  0.56  0.52 

GVWR 

As  noted  in  the  discussion  relative  to  imported  pickups,  it  is  important  to  compare 
vehicles  with  similar  Curb  Weight/GVWR  ratios  if  a fair  comparison  is  to  be  achieved. 

Table  2-7  provides  a Curb  Weight,  Load  and  Volume  Capacity  comparison  while 
Table  2-8  gives  a dimensional  comparison  of  the  two  vehicles.  A comparison  of  Load 
and  Volume  Efficiencies  is  presented  in  Figure  2-17.  The  Fiat  shows  a significantly 
greater  Load  Efficiency  (approximately  25  percent).  Volume  Efficiency  is  also  greater 
although  this  higher  value  is  partially  due  to  the  use  of  higher  sides,  a rather  arbitraty 
design  variation  although  it  may  be  necessary  because  of  the  unitized  structure.  The 
apparently  more  efficient  design  is  partially  offset  by  the  low  performance  of  the 
vehicle  by  U.S.  standards,  as  indicated  by  the  low  power  to  weight  ratio.  This  aspect 
will  be  discussed  in  more  detail  in  the  Section  on  Performance. 

While  a more  powerful  and  heavier  engine  would  decrease  the  efficiency  advantage 
of  the  Fiat,  it  would  not  account  for  the  large  differential.  The  major  design  advantage 
of  the  Citreon-Fiat  appears  to  be  the  use  of  a unitized  structure  derived  from  the 
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TABLE  2-7  CURB  WEIGHT,  LOAD  AND  VOLUME  CAPACITY  COMPARISON, 
U.S,  CONVENTIONAL  vs  EUROPEAN  UNITIZED  PICKUP 


DODGE 

FIAT 

D-200 

242/15 

Curb  Weight  (Lbs . ) 

3480 

3300 

Load  Capacity  (Lbs.) 

3060 

3300 

Volume  Capacity  (Ft.^) 

76.6 

127.1 

U.S 

TABLE  2-8  DIMENSIONAL  COMPARISON, 

. CONVENTIONAL  vs  EUROPEAN  UNITIZED  PICKUP 

DODGE 

FIAT 

D-200 

242/15 

Wheelbase  (In.) 

131.0 

126.0 

Overall  Length  (In 

.)  210.2 

195.3 

Width  (In.) 

79.5 

78.3 

Height  (In.) 

70.4 

92.8 

Cargo  Box 

Length  (In.) 

98.0 

118.3 

Width  (In.) 

70.0 

70.5 

Height  (In.) 

19.1 

27.8 

Between  Wheels 

(In.)  51.0 

51.2 
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FIGURE  2-17  LOAD  AND  VOLUME  EFFICIENCIES.  LIGHT  DUTY  TRUCKS  - DOMESTIC  VS.  FOREIGN  PICKUP 


van.  The  weight  advantage  of  unit  body-frame  construction  has  long  been  known  and 
this  concept  for  future  domestic  pickups  should  be  pursued.  However,  this  is  considered 
beyond  the  scope  of  this  project.  A major  objection  by  U.S.  manufacturers  and  users 
to  the  unitized  construction  for  the  pickup  is  the  utilization  of  the  same  cab  and 
chassis  for  mounting  other  more  specialized  bodies.  Unit  construction  is  considered 
less  flexible  for  this  application  even  though  the  current  wide  use  of  Dodge  van  unitized 
front  end  and  chassis  for  small  motor  homes  and  box  type  van  bodies  appears  to 
minimize  the  objection. 

The  Citreon-Fiat  is  also  a front  wheel  drive  design  which  has  also  been  looked 
upon  with  disfavor  by  U.S.  manufacturers  and  users  because  of  a potential  loss  of 
traction  resulting  from  a high  percentage  of  the  added  cargo  load  being  applied  to  the 
rear  wheels.  In  a conventional  layout,  some  of  the  cargo  load  can  actually  remove 
weight  from  the  front  wheels.  Use  of  a long  wheelbase  relative  to  body  length  (low 
rear  overhang)  as  used  by  Citreon-Fiat  minimized  this  effect. 

2. 5. 4.5  Load  and  Volume  - Domestic  Vans  - A comparison  of  Load  and  Volume 
Efficiencies  for  vans  is  shown  in  Figure  2-18.  The  basic  lowest  GVWR  models  of  each 
manufacturer  plus  models  of  Chevrolet  and  Dodge  (crosshatched)  with  GVWRs  compar- 
able to  Ford  are  compared.  As  discussed  (Paragraph  2.5.1),  on  comparable  GVWR 
basis,  Dodge  is  the  most  efficient  due,  in  part,  to  its  use  of  unitized  construction  vs. 
Ford's  separate  frame  and  body.  Ford  also  uses  an  engine  position  further  forward  in 
relation  the  the  driver  which  adds  to  vehicle  length.  The  advantage  of  Dodge,  as 
compared  to  Chevrolet,  which  also  uses  unit  construction,  is  apparently  the  result  of 
individual  wieght  differences  in  many  components,  as  was  the  case  with  the  pickup. 
As  mentioned  previously,  there  are  also  minor  differences  in  Curb  Weight/GVWR  but 
these  are  not  considered  significant.  Table  2-9  summarizes  the  actual  Weight,  Load 
and  Volume  differences  and  Table  2-10  provides  a dimensional  comparison. 

AMC  and  International  do  not  offer  models  of  this  type,  nor  are  there  imported 
models  except  for  the  obsolete  rear  engine  Volkswagen.  The  newer  Volkswagen  will 
be  compared  rather  than  the  import. 

2. 5. 4. 6 Load  and  Volume  - Domestic  Vans  vs.  Foreign  Vans  - A comparison  of  Load 
and  Volume  Efficiencies  of  the  most  efficient  U.S.  make  with  representative  foreign 
models  is  shown  in  Figure  2-19.  Two  Dodge  models  are  used  for  the  comparison 
because  of  different  characteristics  of  the  Curb  Weight/GVWR  ratio  between  the  foreign 
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FIGURE  2-18  LOAD  AND  VOLUME  EFFICIENCIES.  LIGHT  DUTY  TRUCKS  - VAN 


TABLE  2-9  CURB  WEIGHT,  LOAD  AND  VOLUME  CAPACITY  COMPARISON, 

VAN 


CHEVROLET  G-10 
110"  W/B 

DODGE  B-100 
109"  W/B 

FORD  E-100 
124"  W/B 

Curb  Weight  (Lbs.) 

3666 

3440 

3795 

Load  Capaci ty  (Lbs  . ) 

1234 

1160 

1355 

Volume  Capacity  (Ft.3) 

207.8 

201.5 

206.5 

TABLE 

2-10  DIMENSIONAL 

COMPARISON, 

VAN 

CHEVROLET  G-10 

DODGE  B-100 

FORD  E-100 

110"  W/B 

109"  W/B 

124"  W/B 

Wheelbase  (In.) 

110.0 

109.0 

124.0 

Overall  Length  (In.) 

178.2 

176.0 

186.8 

Width  (In.) 

79.5 

79.8 

79.8 

Height  (In.) 

78.8 

77.2 

79.6 

Cargo  Area 

Length  (In.) 

94.2 

92.9 

93.0 

Width  (In.) 

71.0 

70.2 

70.3 

Height  (In.) 

53.7 

53.2 

54.0 

Between  Wheels  (In.) 

53.5 

50.0 

52.3 
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FIGURE  2-19  LOAD  AND  VOLUME  EFFICIENCIES.  LIGHT  DUTY  TRUCKS  - VAN  (DOMESTIC  VS.  FOREIG 


models.  Table  2-11  compares  the  actual  Weight,  Load  and  Volume  Capacities  and 
Table  2-12  the  relative  dimensions  for  the  selected  Dodge  model  and  the  Fiat.  Table 
2-13  and  2-14  provide  similar  comparisons  between  Dodge  and  the  other  Foreign  van 
models. 

The  Load  Efficiency  of  the  Fiat  is  still  better  than  Dodge  but  not  by  as  wide 
a margin  as  observed  for  the  pickup  because  the  vehicle  designs  are  more  similar  in 
construction  - both  unitized  construction  and  forward  control.  This  appears  to  verify 
the  previous  observation  that  a U.S.  pickup  based  on  a unitized  forward  control  van 
would  be  more  efficient  than  the  current  separate  frame  and  body  construction.  Load 
Efficiencies  of  the  other  foreign  vans  are  similar  to  the  U.S.  model.  Volume  Efficiencies 
of  the  foreign  models,  particularly  the  Fiat  and  Volkswagen  are  superior  to  the  U.S. 
model.  The  Fiat  is  particularly  good  in  part  because  of  its  exceptionally  high  height 
compared  to  the  U.S.  model.  The  Volkswagen  is  also  significantly  higher  and  has  a 
much  longer  cargo  length  due  to  the  far-forward  seating  position,  which,  because  of 
frontal  impact  safety  considerations,  is  not  satisfactory  for  U.S.  models. 

Fundamental  differences  in  design  as  well  as  lower  performance  levels  for  the 
foreign  models  make  a direct  comparison  somewhat  questionable.  However,  the 
comparisons  are  of  interest  in  evaluating  the  relative  results  of  different  design 
philosophies. 

2. 5. 4. 7 Load  and  Volume  - Utility  Vehicles  - Because  of  the  limited  number  of  Utility 
models  offered,  a separate  comparison  chart  was  not  considered  necessary.  Reference 
to  Figure  2-8  indicates  the  relationship  of  Load  Efficiencies.  The  International  Scout 
design  is  the  most  efficient.  It  is  also  somewhat  smaller,  as  reflected  by  the  reduced 
Volume  Efficiency.  Chevrolet  and  Dodge  are  equal  in  Load  Efficiency  with  Dodge 
somewhat  better  in  Volume  Efficiency.  Ford  is  significantly  lower  in  both  categories, 
and  the  AMC  models  cannot  be  compared  directly  because  they  are  basically  a different 
design  concept.  The  AMC  Jeep  grew  out  of  a small  military  vehicle  whereas  the  big 
3 models  are  based  on  pickup  models.  The  unique  design  of  the  International  is  probably 
a significant  factor  in  its  higher  Load  Efficiency.  Another  factor  in  the  International's 
higher  load  efficiency  is  its  use  of  a 4-cvlinder  engine  as  standard  equipment.  It  has 
a lighter  weight  but  reduced  performance.  The  lower  ratio  of  Curb  Weight/GVWR  (.6 
for  International  vs.  .7  for  Dodge)  also  indicates  that  the  International  design  is  not 
directly  comparable  to  Dodge,  as  was  discussed  in  the  relationship  of  imported  compact 
pickups  to  full  size  domestic  models. 

The  only  foreign  model  for  which  suitable  information  is  available  is  the  Nissan 
G60.  It  is  similar  to  the  International  in  size  and  Curb  Weight  but  more  similar  to 
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TABLE  2-11  CURB  WEIGHT,  LOAD  AND  VOLUME  CAPACITY  COMPARISON, 

U.S.  vs  EUROPEAN  VAN 


DODGE 

FIAT 

B-300 

242/15 

Curb  Weight  (Lbs . ) 

3835 

3586 

Load  Capacity  (Lbs . ) 

3165 

3300 

Volume  Capacity  (Ft.^) 

240.5 

328.4 

TABLE 

2-12  DIMENSIONAL  COMPARISON, 

U.S.  vs  EUROPEAN  VAN 

DODGE 

FIAT 

B-300 

242/15 

Wheelbase  (In.) 

127.0 

126.0 

Overall  Length  (In.) 

194.0 

195.3 

Width  (In.) 

79.8 

78.3 

Height  (In.) 

78.7 

92.8 

Cargo  Area 

Length  (In.) 

100.9 

118.3 

Width  (In.) 

70.2 

70.5 

Height  (In.) 

53.2 

71.9 

Between  Wheels  ( In . ) 

50.0 

51.2 
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TABLE  2-13  CURB  WEIGHT,  LOAD  AND  VOLUME  CAPACITY  COMPARISON, 


U.S.  vs  FOREIGN  VANS  (FAR  FORWARD  CONTROL) 


DODGE 

NISSAN 

VOLKSWAGEN 

* 

B-200 

VPE  20 

LT  28 

Curb  Wei ght  (Lbs . ) 

3615 

2990 

3410 

Load  Capacity  (Lbs.) 

2785 

2565 

2750 

Volume  Capacity  (Ft.3) 

201.5 

200.4 

277.0 

TABLE  2-14 

DIMENSIONAL 

COMPARISON, 

U.S.  vs  FOREIGN 

VANS  (FAR 

FORWARD  CONTROL) 

DODGE 

NISSAN 

VOLKSWAGEN 

B-200 

VPE  20 

LT  28 

Wheelbase  (In.) 

109.0 

107.5 

98.4 

Overall  Length  (In.) 

176.0 

184.6 

190.6 

Width  (In.) 

79.8 

66.5 

79.5 

Height  (In.) 

78.0 

75.0 

84.6 

Cargo  Area 

Length  (In.) 

92.9 

112.3 

121.6 

Width  (In.) 

70.2 

59.7 

71.3 

Height  (In.) 

53.2 

51.8 

57.5 

Between  Wheels  (In.) 

50.0 

N.A. 

54.0 
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the  AMC  Jeep  in  concept.  It  is  superior  to  the  Jeep  in  Load  and  Volume  Efficiencies 
but  not  as  good  as  the  International  in  either. 

Although  the  International  has  the  highest  Load  Efficiency  rating  it  is  not  used 
for  the  weight  reduction  study  because: 

- Its  size  does  not  provide  comparable  Volume  Capacity  to  the  big  3 models. 

- Its  4-cylinder  engine  does  not  provide  comparable  performance. 

- Its  small  percentage  of  the  market  does  not  warrant  a separate  study.  (The 
Dodge  has  a high  level  of  interchangeability  of  components  with  the  Pickup.) 

2. 5. 4.8  Passenger  - There  are  no  significant  differences  in  Passenger  Efficiencies  for 
the  domestic  pickup  models  - all  provide  commodious  accommodations  for  3 passengers. 
Therefore,  specific  values  were  not  calculated.  A similar  condition  exists  for  the 
commercial  model  van. 

Passenger  Efficiencies  for  the  Van-Wagon  type  vehicles  were  shown  in  Figure 
2-11.  Dodge  exhibits  the  highest  efficiencies  with  the  "Maxi-Van"  concept  (a  body 
extension  without  increase  in  wheelbase),  which  provides  a significantly  higher  efficiency 
because  of  space  for  an  additional  three  passengers. 

No  specific  comparison  with  foreign  vehicles  is  provided  but  the  Citreon-Fiat 
again  demonstrates  a more  efficient  design.  (Data  in  Appendix  B).  The  Nissan  is 
comparable  to  U.S.  models.  No  data  was  provided  by  the  manufacturer  for  a Van-Wagon 
version  of  the  European  Volkswagen  model. 

Passenger  Efficiencies  are  not  of  great  importance  for  the  Utility  models.  Figure 
2-12  provided  a summary.  The  International  has  the  highest  Efficiency  for  reasons 
basically  the  same  for  Load  Efficiency.  The  AMC  Jeep  again  is  not  directly  comparable. 
Nissan  is  the  only  foreign  model  for  which  sufficient  information  is  available.  It 
compares  favorably  (slightly  better)  with  the  International  because  of  its  Jeep-like 
concept,  but  unlike  the  Jeep  it  is  extended  for  additional  passenger  capacity. 


2-46 


3.  IDENTIFICATION  OF  MOST  WEIGHT  EFFICIENT  DESIGN 


3.1  SELECTION  OF  MAKES 

A review  of  the  Attribute  Sheets,  Appendix  B,  and  more  specifically  the  Attribute 
Comparisons  of  Section  2.5,  shows  that  the  lightest  and  most  weight  efficient  design 
for  each  of  the  selected  vehicle  types  is: 

Pickup  - Dodge 

Van  - Dodge 

Utility  - International 

Since  the  Utility  employs  a high  percentage  of  components  from  the  Pickup 
(Chevrolet-Dodge-Ford),  the  major  weight  reduction  effort  will  be  directed  toward  the 
Pickup  and  Van.  Dodge  models  are  used  for  the  "current"  weight  to  which  are  applied 
the  various  weight  reduction  processes. 

In  spite  of  the  more  efficient  design  of  the  International,  the  Dodge  Utility 
vehicle  will  be  used  for  the  weight  reduction  studies  because  of  the  high  degree  of 
component  interchangeability  with  the  Pickup  and  because  of  the  availability  of  more 
specific  weight  data  for  the  Dodge.  The  Curb  Weight/GVWR  ratio  of  the  International 
(0.6)  suggests  that  is  is  not  directly  comparable  to  the  Dodge  (0.7).  This  ratio  is  an 
indication  of  where  the  vehicle  stands  in  a family  of  GVWRs  based  on  one  basic  design. 
(See  discussion  of  compact  vs.  full  size  Pickup,  Section  2. 5.4.2.) 

3.2  COMPONENT  WEIGHT  DETERMINATION 

To  improve  the  accuracy  of  the  weight  reduction  effort  it  was  considered 
desirable  to  use  actual  vehicle  component  weights  as  a base.  Accordingly,  a Dodge 
Pickup  and  Van  were  obtained,  disassembled,  and  actual  component  weights  were 
measured.  Disassembly  proceeded  to  the  level  of  components  pertinent  to  the  weight 
reduction  process.  Soft  trim  and  electrical  components  were  not  included.  The  actual 
vehicles  selected  were: 

a.  Dodge  D-100  Pickup 
5000  GVWR 
131"  Wheelbase 

Curb  Weight  Specified:  3580  lbs. 
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Curb  Weight  Actual:  3666  lbs. 

6-Cylinder  225CID  Engine 
3-Speed  Manual  Transmission 
Standard  (base  price)  Equipment 

b.  Dodge  B-100  Van 
4600  GVWR 
109”  Wheelbase 

Curb  Weight  Specified:  3400  lbs. 

Curb  Weight  Actual:  3450  lbs. 

V-8  318CID  Engine 
Automatic  Transmission 

Standard  (base  price)  Equipment  (except  for  V-8 

engine  and  automatic  transmission  - not  included  in 
above  actual  weight). 

Comments  on  the  selected  vehicle  are: 

1.  The  lowest  GVWR  vehicle  was  selected  in  each  case  because  it  is 
most  representative  of  the  basic  design.  Heavier  models  are 
obtained  by  changing  individual  load  dependent  component. 

2.  The  131-inch  wheelbase  Pickup  was  selected  rather  than  the  115-inch 
wheelbase  because  it  is  a much  higher  volume  version  and  therefore 
more  representative  of  a typical  Pickup.  The  131-inch  wheelbase 
is  also  the  only  one  available  on  the  higher  GVWR  models  so  for 
comparison  purposes  it  is  more  desirable. 

3.  The  V-8  engine  and  automatic  transmission  were  selected  for  the 
Van  because  power  plants  are  the  same  for  both  types  and  this 
selection  gave  the  weight  of  the  optional  power  plant  as  well  as 
the  standard  equipment  one.  Adjustments  were  made  to  the  Van 
weight  to  reflect  a 6-cylinder  and  Manual  Transmission. 
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4.  A step-type  rear  bumper  (not  standard  equipment)  was  not  ordered 
but  came  with  the  Pickup.  Its  weight  was  deducted  from  the 
’'Actual”  Weight. 

5.  The  difference  between  actual  weight  and  specified  curb  weight 
for  the  Pickup  is  well  within  generally  recognized  production  tol- 
erance. The  Chevrolet  Data  Book  states  "Model  Weight  may  vary 
as  much  as  + 150  pounds  to  allow  for  production  build  variation.") 

A summary  of  the  component  weights  is  presented  in  Table  3-1.  It  is  recognized 
that  the  lowest  total  weight  does  not  necessarily  mean  that  each  component  on  the 
vehicle  is  also  the  lightest.  All  components  selected  for  further  weight  reduction 
studies  were  visually  compared  with  similar  components  of  the  other  makes  to  insure 
use  of  the  most  weight  efficient  design  for  each.  Where  a significant  weight  difference 
was  noted,  manufacturer's  data  or  actual  parts  were  used  to  establish  the  lightest 
component.  For  example,  a Chevrolet  6-cylinder  engine  was  weighed  and  found  to  be 
lighter  than  the  Dodge.  It  was  therefore  used  for  the  base  for  both  Pickup  and  Van. 
In  general,  manufacturer's  data  was  not  used  because  the  weight  groupings  lacked 
sufficient  qualifications  in  the  form  available  to  insure  comparable  values. 

For  most  components,  there  appeared  to  be  no  significant  weight  difference 
between  makes.  This  was  anticipated  because  the  vehicles  are  the  same  size  (see 
Table  2-2),  and  the  total  curb  weight  differential  is  only  slightly  more  than  the 
production  tolerance  range. 

Table  3-1  includes  comments  on  the  apparent  reasons  for  weight  differences 
when  the  difference  was  considered  to  be  significant.  The  only  component  where 
Dodge  was  not  the  lightest  was  the  engine.  The  Chevrolet  engine  was  found  to  be  8 
pounds  lighter.  Other  differences  of  note: 

1.  Dodge  Van  is  significantly  lighter  than  Ford  due  to  use  of  unitized 
versus  separate  body  frame  construction. 

2.  Engine  weight  differences  are  minor  and  are  the  result  of  internal 
design  differences. 

3.  The  Dodge  front  suspension  design  is  significantly  lighter  than 
Chevrolet's.  The  design  differences  are  in  the  lower  control  arm 
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TABLE  3-1  LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
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Rear  Axle  Assembly  (w/o  brakes)  188.8  159.5 
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Exhaust  System  37.5  45.0  No  significant  weight  difference  between  makes. 
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STEP  TYPE  ( NOT  STANDARD  EQUIPMENT) 


construction  and  in  the  knuckle.  The  Ford  Twin-I-Beam  construction 


is  heavier  than  the  Chevrolet  suspension  design. 

Differences  in  weight  between  the  Dodge  Pickup  and  Van  are  mainly  the  result 
of  the  obvious  difference  in  body  configuration  (reference  Figure  2-2  and  2-3).  The 
Pickup  Prop  Shaft  is  heavier  because  of  added  length  (131-inch  versus  109-inch 
wheelbase),  which  also  requires  a large  diameter  for  critical  speed  control.  Rear  axle 
size  and  weight  are  the  result  of  a higher  GAWR  (Gross  Axle  Weight  Rating)  for  the 
Pickup  due  to  a different  weight  distribution  (including  cargo  load).  This  places  a 
higher  percentage  of  total  vehicle  load  on  the  rear  axle  of  the  Pickup.  Rear  springs 
are  heavier  in  the  Pickup  for  the  same  reason. 

The  rear  suspension  shackle  on  the  Van  is  heavier  because  it  includes  a mounting 
bracket  which  is  part  of  the  frame  assembly  on  the  Pickup.  The  rear  suspension  U-bolt 
plate  is  heavier  on  the  Pickup  because  it  includes  the  lower  mount  for  the  shock 
absorber  which  is  welded  to  the  axle  on  the  Van. 

The  steering  linkage  is  heavier  for  the  Van  because  of  an  extra  linkage  required 
due  to  the  forward  control  driver's  position.  Exhaust  system  weight  differences  are 
primarily  the  result  of  the  larger  components  required  with  a V-8  opposed  to  a 6-cylinder 
engine.  This  difference  was  compensated  for  in  the  power  plant  weight  adjustment. 
The  rear  bumper  is  heavier  on  the  Pickup  because  it  includes  a step  for  entering  the 
cargo  area  while  the  Van  has  a conventional  design.  (A  rear  bumper  is  not  included 
as  standard  equipment  on  the  Pickup  and  is  not  included  in  the  weight  used  for  analysis.) 
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4.  POTENTIAL  FOR  REDUCTIONS  IN  FUNCTION 


4.1  IDENTIFICATION  OF  FUNCTIONS 

The  process  of  developing  and  evolving  light  duty  vehicles  has  in  recent  years 
resulted  in  a trend  to  larger,  heavier  and  higher  performance  vehicles.  Several  functional 
characteristics  were  investigated  to  determine  whether  reductions  in  function  were 
feasible  for  the  purpose  of  achieving  significant  fuel  economy  improvement  without 
impairing  the  ability  of  the  vehicle  to  perform  its  missions  as  currently  defined.  The 
functions  considered  were: 

a.  Load  Capacity, 

b.  Volume  Capacity, 

c.  Passenger  Capacity,  and 

d.  Performance. 

4.2  LOAD  CAPACITY 

! 

The  current  Load  Capacity  of  the  minimum  GVWR  light  duty  vehicle  ranges 
from  1040  to  1535  pounds  (Appendix  B).  Since  the  minimum  concept  of  a light  duty 
truck  has  traditionally  been  a "1/2  ton"  cargo  capacity,  a minimum  of  1000  pounds 
appears  to  be  basic.  A value  less  than  1000  pounds  would  not  be  suitable  for  most 
commercial  missions. 

The  original  1000  pound  capacity  was  based  on  a two-passenger  cab  and  none 
of  the  current  range  of  extra  equipment  and  accessories.  By  current  practice,  passenger 
weight  and  the  weight  of  all  optional  equipment  is  deducted  from  cargo  (load)  capacity 
(GVWR  is  constant).  Adding  provisions  for  the  more  basic  of  the  optional  equipment 
items  and  the  extra  passenger  yields: 

1000  lbs.  Base 

150  Added  Passenger  (3  vs.  2) 

108*  Optional  V-8  (minimum  size) 

26*  Automatic  Transmission 
13*  Power  Brake 

29*  Power  Steering 


*From  Chevrolet  Data  Book. 


50*  Rear  Bumper 

93*  Air  Conditioning 

6*  Radio 

1475  lbs. 

It  appears  that  the  current  load  range  is  no  more  than  adequate  for  present 
conditions  on  the  basis  of  the  above  analysis.  While  potentially  lighter  vehicles  may 
reduce  the  need  for  power  steering  and  brakes  and  some  reduction  of  accessory 
weights  can  be  anticipated,  these  changes  will  not  have  a significant  effect.  It  is 
concluded,  therefore,  that  all  weight  reduction  efforts  will  be  directed  toward  Curb 
Weight  and  Load  Capacities  will  be  held  constant. 

4.3  VOLUME  CAPACITY 

This  size  factor  applies  to  the  space  devoted  to  cargo.  Cargo  area  rather  than 
volume  is  significant  in  a Pickup  since  volume  is  traditionally  calculated  on  the  basis 
of  the  height  of  the  integral  sides  of  the  cargo  box.  Obviously,  without  a roof,  much 
greater  volumes  can  be  carried. 

The  size  of  the  present  cargo  box  has  been  established  by  the  ability  to  lay  a 
4'  X 8'  piece  of  building  material  flat  on  the  floor.  (A  shorter  6l’  box  length  is 
offered  by  all  manufacturers,  but  it  seems  to  be  used  primarily  for  personal  transpor- 
tation, not  commercial  use.)  W7hile  this  determination  may  appear  arbitrary,  practice 
has  indicated  that  it  provides  a suitable  size  for  multiples  of  many  types  of  cargo 
of  smaller  individual  size.  Therefore,  the  general  acceptance  of  this  "standard”  has 
prompted  a decision  to  maintain  it  for  the  reduced  weight  proposal.  However,  within 
the  confines  of  a 4'  X 8'  floor  area,  it  is  possible  to  reduce  cargo  box  size  as  follows: 

-2"  between  wheelhouses  (all  currently  50"  or  over). 

-1"  from  each  side  outboard  of  the  wheelhouses. 

The  weight  saving  attributed  to  the  above  size  reduction  will  be  included  in  the 
potential  reduction  for  both  the  pickup  and  Utility  (based  on  Pickup).  Van  width,  on 
the  other  hand,  cannot  be  reduced  because  of  passenger  space  requirements  in  the 
wagon  version. 


♦From  Chevrolet  Data  Book. 


4.4  PASSENGER  CAPACITY 


Current  conventional  full  size  Pickups  provide  a three-passenger  cab  capacity. 
It  is  proposed  that  the  capacity  be  maintained  for  the  reduced  weight  light  duty  vehicle. 
This  recommendation  is  based  on  the  following  considerations: 

1.  The  potential  to  require  three-passenger  space  for  transport  of  working 

personnel  when  the  vehicle  is  in  commercial  use.  Examples  are:  utilities 

and  construction. 

2.  The  downsized  weight  efficient  full  size  passenger  cars  still  provide  six- 
passenger  seating  accommodations  (3  in  front). 

However,  the  present  cab  size  provides  an  opportunity  to  reduce  width  by  four 
inches  (same  as  cargo  compartment)  and  still  provide  for  three-passenger  seating  by 
current  passenger  car  standards.  The  following  dimensions  justify  this  position: 


Passenger  Compartment  Seat  Width 

Comparison 

Current  Pickup* 

= 60" 

Proposed  Pickup 

it 

tn 

cn 

'77  & '78  Full  Size  Passenger  Car* 

= 54" 

♦Chevrolet 

The  same  width  reduction  will  be  applied  to  the  Utility  vehicle  which  has  a large 
number  of  interchangeable  parts. 

Because  of  the  frequent  use  of  current  vans  for  public  or  personnel  transportation 
(mini-bus)  and  the  growing  necessity  for  mass  transport,  it  is  recommended  that  present 
van  size  and  passenger  capacity  be  continued.  Passenger  seat  width  is  now  a minimum 
for  three  passengers.  (54") 

4.5  PERFORMANCE 

Vehicle  performance  can  be  expressed  in  many  ways  but  the  functional  factors 
which  are  of  interest  to  this  study  are  those  affected  by  the  power  available  (or 
torque)  in  relation  to  GVW.  Performance  as  a function  of  power  is  usually  measured 
in  terms  of: 

Acceleration 
Gradeability 
Top  Speed 
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Because  of  the  continued  prospect  for  highway  speed  restriction  (55  m.p.h.),  top 
speed  is  not  a factor  of  concern.  Acceleration  and  highway  grade  ability  are  a function 
of  the  same  relationship  - Power  Available  vs.  Power  Required.  Both  performance 
factors  are  relatively  easy  to  measure  with  proper  equipment  but  difficult  to  calculate 
because  of  the  many  variables  involved.  However,  the  dominant  factor  in  these 
calculations  is  the  ratio  of  Horsepower  to  Gross  Vehicle  Weight.  Variations  in  body 
size  and  shape,  driveline  ratios,  chassis  and  tire  friction  losses  and  tire  size  will  vary 
the  performance  for  a given  Horsepower/ Weight  ratio.  For  the  purposes  of  this  report, 
variations  in  the  above  factors  will  be  minimal  and  therefore  use  of  the  Horse- 
power/Weight ratio  as  a basis  for  performance  comparison  should  be  as  accurate  as 
any  other  type  of  performance  calculation. 

In  a report*  on  vehicle  design  analysis,  the  relationship  of  Horsepower/Weight 
to  various  "levels"  of  acceleration  performance  was  established  on  the  basis  of  published 
test  results  of  various  motoring  magazines.  While  the  values  obtained  appear  to  agree 
with  general  automotive  experience,  the  changes  in  the  factors  of  frontal  area,  drag 
coefficient,  and  chassis  friction  between  cars  and  trucks  appear  to  rule  out  use  of  the 
derived  relationship  for  truck  calculations.  Futhermore,  any  reduced  level  of  perfor- 
mance and  its  effect  on  buying  habits  and  traffic  flow  would  be  highly  speculative 
without  actual  test  data.  Therefore,  it  was  decided  to  provide  the  proposed  reduced 
weight  level  vehicles  with  the  same  level  of  performance  as  the  minimum  provided  by 
a comparable  1978  model. 

In  addition  to  adequate  power  for  certain  types  of  performance,  trucks  must 
have  torque  to  start  the  loaded  vehicle  on  a grade.  For  example,  this  requirement  is 
encountered  when  starting  up  on  a depressed  access  to  a loading  dock.  There  are 
many  other  circumstances  as  well  where  this  type  of  tractive  force  is  required. 

Another  measure  of  adequate  engine  size  for  acceptable  vehicle  performance, 
as  recommended  by  G.M.**,  is  engine  swept  combustion  volume  per  ton  mile  at  full 
load. 

Vehicle  performance  levels,  therefore,  will  be  evaluated  by  the  following  formulas: 

PF,  = H.  P. 

A GVWR 

where:  PF^  = Performance  Factor  - Activity  (a  measure  of  potential  Accel- 

^ eration  and  Gradeability  Performance) 

♦S.A.E.  Report  760045  by  Malliaris,  Hsia,  and  Gould  and 
Included  in  the  report  of  the  Automotive  Design  Analysis  Panel  of  the 
Task  Force  on  Motor  Vehicle  Goals  Beyond  1980. 

♦♦Contained  in  Manufacturers  reply  to  Proposed  rule  making  for  1980-81 

Non-Passenger  Automobile  Fuel  Economy  Standards  U.S.,  D.O.T.,  N.H.T.S.A. 
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H.P.  = Maximum  Horsepower  Rating 
GVWR  = Gross  Vehicle  Weight  Rating  (lbs.) 
PF  = K TR  (N/V)* 

GVWR 


where: 


where: 


PFT  = Vehicle  Tractive  Force.  Minimum  acceptable  performance 

in  formula  = 1 which  is  equivalent  to  a 17  percent  Gradeability 

for  Starting  under  Full  Load. 

T = Maximum  Engine  Torque  (foot-pounds) 

R = Maximum  Transmission  Torque  Multiplication  Ratio 

(Includes  Automatic  Transmission  Torque  Converter  Stall  Ratio.) 

Kt  = Constant 

= 0.230  for  Manual  Transmission 

= 0.155  for  Automatic  Transmission 

N/V  = RY  or  Engine  RPM 

60  Vehicle  Speed  (M.P.H.) 

where:  R = Rear  Axle  Ratio 

Y = Tire  Revolutions  Per  Mile  (from  Tire  Data  Books) 

GVWR  = Gross  Vehicle  Weight  Rating  (lbs.) 

PFq  = 0.6  (CID)  (N/V) 
b GVWR 

PFg  = Engine  Swept  Combustion  Volume  per  Ton  Mile. 

Minimum  acceptable  value  in  formula  = 1 which  is  equivalent 
to  58  cubic  feet  per  Mile  per  Ton  in  High  gear  at  maximum 
GVWR. 

CID  = Engine  Displacement  (cubic  inches) 

N/V  = RY  or  Engine  RPM 

60  Vehicle  Speed  (M.P.H.) 

where:  R = Rear  Axle  Ratio 

Y = Tire  Revolutions  Per  Mile 

GVW7R  = Gross  Vehicle  Weight  Rating  (lbs.) 


The  data  necessary  to  define  the  previously  sleeted  performance  parameters  for 
current  production  vehicles  was  obtained  from  Manufacturer's  Data  Books.  The  data 
are  tabulated  in  Appendix  C. 


♦Developed  by  Transportation  Systems  Center,  D.O.T.  from  Industry 
recommendations  for  minimum  performance  levels. 
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The  current  range  of  PF^  (Performance  Factor  - Activity)  for  light  duty  vehicles 
is  displayed  graphically  in  Appendix  D.  Minimum  performance  level  of  the  big  three 
makes  is  shown  in  Figure  4-1.  Based  on  this  data,  the  performance  levels  for  the 
minimum  GVWR  models  for  each  manufacturer  are: 

PFA  - MINIMUM  GVWR  MODELS 
A 


PICKUP 

VAN 

Chevrolet 

0.023 

0.023 

Dodge 

0.023 

0.025 

Ford 

0.025 

0.024 

The  PFa  that  must  be  maintained  for  the  reduced  weight  models  will,  therefore,  be 
0.023.  Acceleration  time  from  the  previously  referenced  relationship  would  be  approx- 
imately 18  sec.  for  0-60  MPH.  For  the  differences  previously  mentioned,  the  actual 
time  for  a truck  would  probably  be  higher. 

For  reference,  PF^  values  for  the  Foreign  models  selected  for  Load  and  Volume 
comparisons,  are  listed  below: 

PF^  - Selected  Foreign  Models 

VAN 

Citreon-Fiat  0.009* ** 

Nissan  0.0165 

Volkswagen  0.012 

Also  of  interest  is  the  4-cylinder  International,  PF^  = 0.014,  and  the  imported 
Pickup  at  0.020. 

The  PF^  factors  for  the  low  horsepower  models  are  too  far  off  the  established 
curve  for  it  to  be  aplied,  but  it  is  estimated  that  the  0.009  ratio  would  result  in 
acceleration  time  for  0-60  MPH  of  over  30  sec. 


*SAE  760045 

**The  comparable  Dodge  model  used  for  Load  and  Volume  comparisons  has  a PFA  of 
0.017  with  the  6-cvlinder  engine. 
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5.  WEIGHT  REDUCTION  POTENTIAL 


5.1  DESIGN  CRITERIA 

Guidelines  for  determining  the  weight  reduction  potential  of  light  duty  trucks 
is -based  on  the  previously  established  ground  rules  (Section  4.).  Significant  functions 
will  be  retained  at  current  levels  (except  as  noted). 

1.  Load  Capacity 

2.  Volume  Capacity 

Four  inch  width  reduction  for  Pickup  and  Utility  - 
48  inches  maintained  between  rear  wheel  housings. 

Two  inch  height  reduction  in  Utility. 

3.  Passenger  Capacity 

4.  Performance 

Weight  reduction  efforts  were  initiated  at  the  minimum  component  weight  level 
of  current  production  models.  Minimum  levels  were  indicated  in  Table  3-1.  Actual 
weights  were  obtained  by  disassembling  the  vehicle  containing  the  lowest,  or  typical 
weight  components.  In  some  instances,  estimates  were  made  of  portions  of  components 
which  could  not  be  disassembled  without  destroying  the  assembly.  The  roof  panel  of 
the  Pickup  cab  is  an  example. 

Vehicle  types  selected  for  analysis  are: 

Pickup 

Van 

Utility 

Analysis  is  directed  to  the  base  model  (lowest  GVWR)  with  standard  equipment 
as  specified  in  the  base  price  of  the  vehicle. 

The  basic  approach  involves  the  establishment  of  a technically  feasible  maximum 
weight  reduction  potentiaL  Restrictions  of  piece  cost  and  current  manufacturing 
technology  are  not  considered  as  limitations  to  the  potential,  although  the  effects  of 
these  aspects  will  be  discussed  in  Section  6. 

The  weight  reduction  study  is  divided  into  the  following  stages: 

a.  Product  Dependent  Weight 
Size  Reduction 
Redesign 

Material  Substitution 
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b.  Power  Dependent  Weight 

Powerplant  and  Driveline  reduction  based  on  Product  Dependent  Weight 
Reduction 

c.  Weight  Dependent  Weight 

Propagation  effects  on  components  in  this  category.  Size,  design  and 
material  substitution  effects  on  certain  weight  dependent  components 
(Frame,  wheels,  etc.,)  have  been  included  in  the  Product  Dependent  Weight 
analysis  for  convenience. 

The  potential  for  weight  reduction  has  been  established  within  the  criterion  of 
maintaining  the  function  and  durability  of  all  components  at  current  levels.  It  wa s 
necessary,  therefore,  to  establish  the  design  criteria  for  the  components  involved. 
Table  5-1  lists  the  criteria  established  for  the  components  involved  in  the  weight 
reduction  study.  Only  those  criteria  considered  relevant  to  the  weight  reduction  effort 
are  included.  The  primary  or  most  critical  criteria  are  listed  first. 

Individual  detail  summaries  are  provided  for  each  stage  of  the  process  for  each 
type  of  vehicle.  These  sheets  include  a referenced  illustration  where  is  was  considered 
helpful  and  the  basic  manufacturing  process  for  each  component  where  applicable. 
Summary  sheets  for  each  portion  of  the  work  for  each  type  of  vehicle  are  also  provided. 


5.2  SIZE  REDUCTION 

The  efforts  of  General  Motors  to  achieve  significant  weight  reduction  by  "down- 
sizing" its  full  and  intermediate  size  passenger  cars  have  been  widely  publicized. 
Similar  results  for  light  duty  trucks  cannot  be  achieved  without  material  substitution. 
The  difference  between  actual  size  and  functional  size  which  existed  on  U.  S.  full  size 
cars  (prior  to  1977  for  G.  M.)  does  not  exist  to  the  same  degree  on  trucks.  Therefore, 
a similar  magnitude  of  weight  reduction  by  "downsizing"  does  not  exist  for  trucks. 
This  project  does  not  attempt  to  evaluate  how  much  of  the  light  truck  functional 
market  could  be  effectively  served  by  a smaller  (compact)  size  vehicle.  A shift  of 
some  additional  portion  of  the  fleet  appears  inevitable. 

The  weight  saving  potential  for  the  specified  size  reductions  which  are  considered 
feasible  without  impairing  function  are  shown  in  Table  5-2  for  the  Pickup  and  Table 
5-7  for  the  Utility. 

As  noted  previously,  a size  reduction  for  the  van  is  not  considered 
functionally  feasible  because  of  the  passenger-carrying  function  of  the  Van-Wagon. 
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TABLE  5-1  DESIGN  CRITERIA  - LIGHT  DUTY  TRUCKS  (1  of  2) 


COMPONENT 


CRITERIA 


STRUCTURAL  COMPONENTS 


BODY  (CAB) 

ROOF-OUTER 
REAR  PANEL 
SIDE  PANELS 
FRONT  QUARTERS-OUTER 
DOOR-OUTER 
COWL  PANEL-OUTER 
HOOD-OUTER 
GRILL  LOWER  PANEL 
FRONT  FENDER-OUTER 
CARGO  BOX 
FLOOR* 

FRONT  PANEL 

SIDE  PANELS-INNER  AND  OUTER 
TAILGATE* 


STIFFNESS 

-FABRICATION  & HANDLING 
DENT  RESISTANCE 


BODY 

ROOF-INNER 
DASH  PANEL 
FLOOR 
DOOR -INNER 
HOOD-INNER 
FRONT  FENDER -INNER 
RADIATOR  SUPPORT 
BATTERY  TRAY 


STIFFNESS 

-STRENGTH 

FABRICATION  & HANDLING 


WHEELHOUSE 


IMPACT  RESISTANCE 
STIFFNESS 


*DENT  (IMPACT)  RESISTANCE  VERY  IMPORTANT 
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TABLE  5-1  DESIGN  CRITERIA  - LIGHT  DUTY  TRUCKS  (2  of  2) 


COMPONENT  CRITERIA 

STRUCTURAL  COMPONENTS  (Continued) 


BODY 

COWL  SIDE 
SILL 

ROOF  BOWS 
SIDE  CHANNELS 
HOOD  HINGE  BRACKET 
CARGO  BOX 

FLOOR  SUPPORT  CHANNELS 
FRAME 

ENGINE  MOUNTING  BRACKETS 
FRONT  SUSPENSION  CROSSMEMBER 
FRONT  SUSPENSION  CONTROL  ARMS 
REAR  SUSPENSION  SPRING  SHACKLE 
REAR  SUSPENSION  ASLE  U-BOLT  PLATE 
BRAKE  & CLUTCH  PEDALS 
PARKING  BRAKE  PEDAL  k BRACKET 
FUEL  TANK 

BUMPER  MOUNTING  BRACKET 
SEAT  PLATFORM  (VAN) 

RADIATOR  SUPPORT  BRACKETS  (VAN) 

^STRENGTH 

STIFFNESS 

POWERTRAIN  COMPONENTS 


ENGINE 

HORSEPOWER 

TORQUE 

EFFICIENCY 

TRANSMISSION 

TORQUE  CAPACITY 
TORQUE  RATIOS 

REAR  AXLE 

STRUCTURAL  STRENGTH 
TORQUE  CAPACITY 
TORQUE  RATIOS 
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Use  of  a compact  size  Van  for  a portion  of  the  fleet  is  a possibility  which  will  not 
be  dealt  with  in  this  study. 

5.3  REDESIGN 

The  basis  for  redesign  is  that  material  can  be  used  more  efficiently  if  minimum 
weight  is  recognized  as  a major  goal  in  component  design.  This  approach  generally 
requires  a completely  new  vehicle  design  in  order  to  gain  maximum  results  and  to 
insure  compatibility  of  redesigned  components.  Use  of  modem  design  aids  such  as 
finite  element  analysis  enable  a more  precise  determination  of  structural  requirements. 
This  approach  has  been  utilized  in  recent  passenger  car  redesigns  in  conjunction  with 
the  "downsizing"  process. 

While  "downsizing"  does  not  have  the  same  potential  for  trucks  as  it  does  for 
cars,  the  more  efficient  use  of  material  should  be  applicable.  It  is  generally  considered 
that  truck  design  has  been  more  conservative  than  passenger  car  design,  largely  because 
of  the  more  extreme  duty  cycle  to  which  many  trucks  are  subjected.  Ford,  for 
example,  has  stated  that  their  endurance  test  requirements  are  four  times  as  severe 
for  trucks  as  for  cars.*  While  a comprehensive,  detailed  redesign  program  for  all 
major  components  is  beyond  the  scope  of  this  study,  certain  assumptions  can  be  made, 
based  on  current  design  experience,  which  will  enable  a reasonable  assessment  of  the 
potential  for  weight  reduction  by  a modern  concept  of  vehicle  design. 

Examination  of  the  design  criteria,  Table  5-1,  indicates  that  most  structural 
components  are  either  stiffness  or  stiffness/strength  critical.  To  maintain  constant 
stiffness  the  product  El  (Material  Modulus  - Section  Moment  of  Inertia)  must  be 
maintained  at  a constant  level.  Without  material  change  the  only  potential  for  weight 
reduction  lies  in  change  of  the  Section  Moment  of  Inertia. 

To  achieve  an  absolute  evaluation  of  the  effects  of  redesign  would  require  an 
individual  analysis  of  the  structural  function  of  each  component  and  its  relation  to  the 
overall  design.  Such  an  analysis  is  beyond  the  scope  of  this  project:  it  would  involve 

a complete  structure  design  for  a new  series  of  light  duty  vehicles.  However,  a 
reasonable  estimate  of  the  effects  of  redesign  based  on  experience  appears  feasible. 

The  stiffness  critical  panels  selected  are  assumed  to  conform  to  flat  plate  theory 
although  some  appear  to  deviate  from  the  technical  definition.  Based  on  recent 
apparently  successful  experimental  or  production  applications  of  substitute  materials, 


♦Contained  in  Manufacturers  reply  to  Proposed  Rule  Making  for  1980-81 
Non-Passenger  Automobile  Fuel  Economy  Standards  - U.S.,  D.O.T.,  N.H.T.S.A. 
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significant  reductions  in  stiffness  have  been  satisfactory.  The  proportion  due  to  actual 
section  stiffness  reduction  vs.  maintaining  stiffness  by  section  modification,  permitting 
use  of  thinner  material,  cannot  be  determined  in  this  study.  Using  the  flat  plate 
stiffness  formula,  and  adjusting  stiffness  levels,  does  give  comparable  results.  This 
process  will  be  used.  On  this  basis,  the  following  criteria  are  assumed: 

For  major  structural  members  such  as  cab  roof,  floor,  etc.,  use  75  percent 
of  the  current  stiffness.  For  lightly  loaded  non-critical  structural  numbers 
such  as  cab  doors,  hoods,  etc.  (commonly  called  hang-on  parts),  use  60  percent 
of  the  current  stiffness. 


A comparison  of  panel  thickness  reduction  resulting  from  these  criteria  with 
"conservative"  recommendations  from  ALCOA  indicate  close  agreement. 


THICKNESS  COMPARISON 
DOOR  OUTER  PANEL 
ALUMINUM  VS.  STEEL 


By  60  percent  critical  assumption:* 

3 


lAL  = *ST  /o.S  EST  = 


J 


0.6  X 23  X 10 = 1.20  *ST 
10  X 10b 


"Conservative"  ALCOA  recommendation  = *AL  = 1.19  *ST** 


It  should  be  noted  that  the  ALCOA  recommendation  is  based  on  passenger  car  practice, 
which  reduces  the  aluminum  thickness  to  0.037.  The  weight  reductions  in  this  report 
are  based  on  traditionally  heavier  truck  gauges  which  result  in  an  aluminum  thickness 
of  0.048  for  this  application.  This  seems  more  appropriate  for  truck  applications.  It 
is  also  important  to  note  that  some  manufacturers  may  have  reduced  gauges  on  some 
parts  of  current  models  which  would  reduce  the  weight  saving  potential. 

It  is  recognized  that  sophisticated  design  techniques  or  actual  development  testing 
could  result  in  modifications  to  the  weight  reductions  indicated  but  it  is  believed  that 
the  values  represent  a potentially  achieveable  goal.  It  is  also  recognized  that  weight 
savings  of  the  magnitude  represented  by  the  above  criteria  can  only  be  achieved  in 
conjunction  with  a complete  redesign  of  all  associated  components  and  that  extensive 
durability  testing  would  be  required  to  justify  the  assumptions. 


♦See  Appendix  E for  formula  development. 

♦♦ALCOA  reply  to  N.H.T.S.A.  Questionnaire,  November  21,  1977. 
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Formulas  used  for  the  assumed  criteria  are:  (See  Appendix  E for  development) 

At  75  percent  Current  Stiffness  level* 

WT  = W v'0.75~=  0.91  W 

At  60  percent  Current  Stiffness  level* 

W'  = W v/0.60  = 0.84  IV 

Some  of  the  redesign  (and  also  later  material  substitution)  is  based  on  specific 
industry  recommendations  or  new  designs  currently  in  process. 

The  detail  weight  reduction  potential  of  Redesign  based  on  the  foregoing  criteria 
and  assumptions  is  tabulated  in  Tables  5-3,  5-5  and  5-8  for  the  Pickup,  Van  and  Utility 
respectively.  Weights  used  for  the  base  (current)  have  been  reduced  by  the  results  of 
size  reduction.  The  indicated  frame  weight  reduction  for  the  Pickup  and  Utility  is 
based  on  experiemental  results  of  suppliers  since  the  combination  of  stiffness  and 
strength  criteria  for  a frame  structure  was  considered  too  complex  for  generalization. 
A similar  reduction  was  applied  to  the  underbody  of  the  Van,  which  is  essentially  a 
frame  structure  welded  into  the  body  structure. 

5.4  MATERIAL  SUBSTITUTION 

The  same  basic  design  criteria  that  were  used  for  redesign  are  utilized  to 
determine  the  weight  reduction  potential  for  Material  Substitution.  However,  the 
results  are  not  additive  since  the  same  formulas  are  used  and,  therefore,  the  specified 
stiffness  reduction  is  included  in  the  material  substitution  calculation.  The  stiffness 
criteria  formulas  used  are:  (See  Appendix  E for  development). 

At  75  percent  Current  Stiffness  level*  for  Aluminum  vs.  Steel 

W'  = 0.46  W 

At  75  percent  Current  Stiffness  level*  for  HMC  (plastic)  vs.  Steel 
W»  = 0.50W 

At  60  percent  Current  Stiffness  level*  for  Aluminum  vs.  Steel 
W’  = 0.425W 


*For  parts  functioning  per  "Flat  Plate"  classification. 
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The  detail  weight  reduction  potential  by  Material  Substitution  based  on  the 
foregoing  criteria  and  assumptions  is  tabulated  in  Tables  5-4,  5-6  and  5-9  for  the 
Pickup,  Van  and  Utility,  respectively. 

Where  impact  resistance  was  the  criterion,  weight  reduction  was  based  on  the 
minimum  thickness  of  the  substitute  material  that  was  judged  acceptable  for  impact 
resistance. 

In  the  application  of  HSLA  steels,  where  strength  and  stiffness  were  jointly  the 
criteria,  a conservative  weight  savings  of  one-third  the  amount  indicated  by  the  relative 
yield  strengths  of  the  materials  was  used  (-15  percent)  because  of  the  complexity  of 
the  relationship.  This  reduction  agrees  reasonably  well  with  results  obtained  from 
application  work  by  material  and  part  suppliers. 

5.5  SUMMARY  - PRODUCT  DEPENDENT  WEIGHT  REDUCTION 

The  results  of  the  foregoing  weight  reduction  studies  for  the  Product  Dependent 
Components  are  summarized  in  Table  5-10.  Once  again,  it  should  be  pointed  out  that 
the  three  phases  are  not  additive  since  several  parts  are  included  under  one  heading, 
each  with  different  methods  of  weight  reduction  (The  cab  door,  for  example,  includes 
both  door  structure  and  glass,  which  have  different  elements  of  design  and  material 
weight  reductions  applied.).  Furthermore,  the  same  basic  formulas  are  used  for  both 
phases;  therefore,  the  stiffness  reductions  used  as  a basis  for  the  redesign  weight 
reductions  are  included  in  the  material  weight  reduction  calculations.  Therefore,  the 
results  of  the  two  approaches  are  not  additive.  A few  Weight  Dependent  components 
(suspension  arms,  wheels,  etc.)  have  been  included  for  convenience. 

The  potential  weight  reductions  from  Table  5-10  applied  to  the  current  minimum 
weight  models  provide  new  curb  and  GVWRs  as  follows: 

WEIGHT  REDUCTION  - PRODUCT  DEPENDENT  WEIGHT 


PICKUP 

VAN  UTILITY 

Current  Minimum 

3752 

3432  4285 

Curb  Weight 

Weight  Reduction 

586 

391  551 

Potential  Curb  Weight 

2986 

3041  3734 

Current  GVWR 

5000 

4600  6100 

Revised  GVWR 

4400 

4200  5550 
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LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  SIZE  REDUCTION 


ft 

P 

ft 

o 

•H 

ft 


B 


u 

ft 


u 

z 

M 

> 

<c. 

cn 


Q 

w 

tn 

o 

ft 

o 

X 

ft 


cn 

cn 

w 

8 

cc 

ft 


o 

H 

ft 


cn 

ft 

u 

rt 

w 

§ 

c5 

co 

Eh 

8 


CN 


CN 

cn 

in 

rH 

CD 

rH 

in 

CN 

cn 

CN 

CN 

rH 

O' 

cn 

in 

o 

cn 

o 

0 ’ 9 

o 

cn 

o 

rH 

o 

CN 

r~ 

rH 

o 

in 

00 

o 

o 

in 

in 

cn 

CD 

o 

CN 

in 

r- 

cn 

cn 

in 

r~~ 

CD 

o 

o 

o 

cn 

o 

r- 

o 

l 

CO 

o 

o 

rH 

CD 

CN 

rH 

cn 

cn 

rH 

CN 

rH 

CN 

in 

cn 

CD 

cn 

cn 

"T 

CN 

rH 

in 

cn 

o 

LO 

CN 

•T 

CN 

rH 

in 

rH 

cn 

* 

* 

* 

* 

* 

* 

* 

o 

in 

o 

O 

o 

in 

o 

o 

o 

co 

o 

O 

O 

o 

o 

in 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

8 

l 

CN 

CN 

•tr 

rH 

cn 

in 

o 

r- 

in 

CN 

<n 

o 

o 

cn 

in 

cn 

cn 

■D1 

cn 

rH 

m 

o 

in 

CN 

•a* 

CN 

in 

CN 

r- 

rH 

cn 

cn 

cn 

cn 

cn 

tn 

cn 

tn 

tn 

cn 

tn 

tn 

c 

c 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

*iH 

•H 

•rH 

•H 

•H 

•H 

•H 

ft 

ft 

ft 

ft 

CO 

CO 

ft 

ft 

ft 

a. 

ft 

ft 

ft 

E 

E 

E 

CO 

to 

E 

E 

E 

E 

E 

E 

E 

CD 

ra 

<D 

03 

CO 

m 

CO 

<0 

(D 

03 

<0 

<D 

ID 

ft 

ft 

ft 

-p 

rH 

rH 

ft 

ft 

ft 

-p 

ft 

ft 

ft 

cn 

cn 

cn 

cn 

U 

o 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

*3* 

CD 

r~ 

t" 

• 

• 

• 

• 

• 

• 

in 

in 

in 

in 

in 

in 

in 

ID 


U 

ft 

ft 


cn 


o 

o 

u 


XI 

id 

u 


14-1 

O 

§ 


ft 

1-4 


rH 

rH 

id 

0 

ft 

X 

0) 

<14 

rH 

•d 

ft 

£ 

£ 

at 

£ 

p 

P 

ID 

ID 

•H 

•H 

cn 

<D 

(X 

X 

ft 

Z 

3 

p 

to 

p 

Q 

P 

ft 

0 

TO 

P 

o 

ft 

ID 

to 

o 

£ 

ID 

ft 

a) 

(D 

rH 

•H 

ID 

rH 

X 

a 

ft 

X 

■d 

•rH 

rH 

0 

03 

•H 

O 

ft 


s 


P 

U 


O 

tn 

1-4 

(CJ 

u 


0) 

c 

c 

m 

ft 

u 

-p 

p 

0 

ft 

ft 

3 

p 

0 

o 


<14 

c 

to 

ft 

p 

o 

o 


ft  ft  ft 


<u 

p> 

m 

tn 

ft 

•H 

m 

E-< 


ft 

c 

o 

p 

ft 


p 

a; 

ft 

E 


04 

I 


a) 

E 

m 

p 

ft 


ft 

p 

o 

ft 

ft 

p 

cn 

p 

<T3 

aj 

ft 

CD 

c 

•H 

cn 

c 

w 


CN 

I 


a) 

E 

co 

CO 

0 

p 

o 


ft 

ra 

CD 

cn 


a) 

c 

m 

ft 

ft 

c 

CD 

E 

P 

P 

ft 

CO 

c 


•H 

p 

u 


5 - 9 


*Estimated 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  SIZE  REDUCTION 


ft 

3 

A 

U 

•H 


8 

Eh 


Eh 

A 

aa 

5 

m co 

r- 

03 

• 

<r> 

w 

S3 

i— i o 

o 

pH 

rH 

o 

cn 


E-* 

•J 

W 

£3 


r~ 

CO 

rH 

o 

«H 

CO 

rH 

• 

• 

• 

• 

• 

• 

• 

• 

00 

pH 

CO 

r- 

LD 

rH 

o 

CN 

CN 

CN 

r* 

CN 

iH 

pH 

in 

*C 

Eh 


Eh 

W 

W 

X 

to 

a 

2 

W 


in  iD 


in 


tn 


^r 


Eh 

2 

u 

£Q 

< 

o 

CN 

• 

* 

o 

o 

• 

• 

o 

CO 

o 

rH 

CO 

• 

g 

o 

o 

CN 

o 

CO 

10 

CN 

CN 

(X 

Eh 

1 

o 

iH 

2 

U 

iH 

m 

CO 

CN 

CD 

CN 

iH 

rH 

in 

in 

in 

§ 

M 

Eh 

B 

Q 

§ 

Eh 

2 

U 

H 

B 


s 

CM 


2 

2 

2 

U> 

2 

H 

CP 

2 

C 

c 

c 

c 

c 

£h 

c 

c 

•H 

•H 

•H 

•H 

•H 

U 

ft 

ft 

ft 

ft 

U3 

03 

03 

ft 

D 

ft 

ft 

£ 

£ 

£ 

£ 

03 

03 

03 

£ 

D 

e 

£ 

03 

03 

03 

03 

03 

03 

03 

03 

W 

H3 

03 

■P 

4J 

-P 

-P 

rH 

rH 

rH 

■P 

2 

4-> 

■P 

to 

to 

to 

to 

o 

O 

o 

to 

to 

to 

rH 

in 

" P " 

u 

in 

CO 

• 

• 

2 

• 

• 

in 

in 

W 

in 

in 

t-3 

ID 


, — . 

CM 

CM 

s — 1 

' — 

3 

iH 

03 

03 

0 

<13 

<13 

rH 

03 

03 

c 

03 

■ — ■ 

03 

03 

C 

to 

03 

•P 

CM 

•H 

rH 

•H 

ft 

to 

A 

u 

2 

CN 

CN 

2 

2 

03 

1 

< 

P 

A 

i — 1 

P 

03 

p 

P 

Eh 

g 

03 

03 

3 

0 

C 

o 

03 

H 

u 

o 

O 

oj 

03 

0 

0 

•H 

Q 

5) 

CD 

(1) 

Eh 

ft 

ft 

a 

u 

Q 

2 

Q 

ft 

T3 

03 

2 

32 

C 

C 

0 

O 

m 

<D 

(1) 

0 

u 

u 

Cm 

Eh 

2 

5-10 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  REDESIGN 


i-H 

c 

c 

c 

3 

0 

0 

0 

c 

•H 

•H 

•H 

0 

p 

p 

p 

■H 

to 

10 

(0 

P 

13 

13 

13 

m 

c 

C 

C 

c 

01 

01 

ai 

p 

e 

E 

E 

01 

P 

j— 

p 

o 

0 

o 

c 

01 

u 

u 

o 

M 

Cl 

ai 

ai 

<d 

•H 

X 

X 

X 

H 

p 

1—1 

u 

01 

03 

01 

01 

m 

01 

01 

01 

3 

P 

p 

P 

p 

+J 

-P 

p 

4-1 

4 -> 

01 

01 

01 

p; 

(X 

p 

p 

P 

p 

p 

P 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

u 

c 

c 

c 

c 

c 

c 

01 

ai 

01 

CL) 

0) 

01 

01 

0) 

a; 

p: 

Ai 

Q 

p 

01 

0) 

01 

01 

0) 

01 

p 

p 

p 

P 

P 

p 

p 

p 

u 

Cl 

Cl 

a 

3 

p 

p 

p 

p 

p 

p 

P 

p 

P 

1-4 

p 

p 

p 

•H 

•H 

u 

p 

p 

p 

p 

p 

p 

5 

5 

3 

3 

3 

3 

3 

3 

P 

iS 

P 

i 

# 

3 

3 

3 

3 

3 

3 

c 

01 

dP 

dP 

<#> 

& 

dP 

dP 

dP 

dP 

>4 

>i 

>i 

cn 

03 

dP 

& 

dP 

dP 

dP 

C*P 

in 

O 

in 

in 

in 

o 

O 

O 

P 

p 

p 

•H 

m 

O 

o 

O 

O 

in 

id 

r- 

ID 

r- 

t" 

r- 

ID 

ID 

ID 

P 

p 

p 

03 

(X 

ID 

ID 

CD 

ID 

r-' 

r- 

01 

01 

01 

i 

1 

i 

i 

i 

1 

1 

1 

3 

3 

3 

D 

i 

1 

1 

1 

1 

i 

i 

13 

•a 

13 

Ul 

01 

01 

01 

01 

01 

01 

01 

C 

c 

C 

0) 

ai 

01 

03 

01 

01 

01 

cn 

01 

01 

01 

01 

01 

01 

01 

01 

H 

H 

H 

1—4 

p 

03 

01 

01 

01 

01 

in 

a) 

ai 

ai 

01 

01 

ai 

01 

01 

.Q 

<0 

01 

01 

0) 

01 

01 

CD 

c 

c 

C 

c 

c 

c 

c 

c 

P 

P 

P 

to 

c 

c 

c 

c 

c 

c 

G 

0-1 

0-4 

0-1 

0-1 

0-4 

0-4 

0-4 

04 

03 

01 

01 

U 

•H 

4H 

4-4 

4-4 

4-1 

4-4 

4-1 

0-1 

0-1 

0-1 

0-1 

0-4 

0-1 

0-1 

0-4 

01 

01 

01 

E 

P 

4-1 

4-4 

4-4 

4-4 

4-4 

•rH 

*H 

•*H 

•rH 

•H 

•H 

•r4 

•rH 

P 

P 

P 

3 

p 

P 

P 

•P 

•H 

P 

•H 

P 

P 

P 

p 

-P 

aJ 

4-> 

p 

to 

(0 

(0 

01 

r— 4 

P 

P 

P 

p 

P 

p 

co 

in 

co 

co 

CO 

CO 

CO 

CO 

X 

P 

PI 

IS 

w 

co 

C/1 

co 

co 

C/l 

co 

ID 

3 

H 

CN 

<n 

ID 

ID 

C" 

CN 

CN 

ID 

ID 

Cl 

CN 

o 

o 

ID 

r- 

ID 

Cl 

CO 

ID 

> 

• 

CN 

cn 

CN 

CN 

ro 

ID 

ID 

O 

LO 

cn 

ID 

cn 

o 

CN 

a 

r— 1 

CO 

in 

rH 

a 

w 

• 

CO 

CO 

cn 

o 

04 

CN 

l D 

rH 

CO 

00 

CO 

CO 

"O' 

ID 

CD 

o 

CD 

Cl 

rH 

ID 

CO 

d 

p 

O 

• 

ID 

K 

CN 

o 

ID 

ID 

I"- 

CN 

CN 

cn 

rH 

t" 

f— ( 

ID 

i 

cn 

CO 

CO 

ID 

CO 

IX 

CN 

CN 

CN 

CN 

cn 

cn 

cn 

CN 

rH 

CN 

rH 

CN 

rH 

CO 

IG 

a 

H 

w 

3 

E-1 

IS 

ir 

in 

o 

o 

o 

o 

m 

o 

o 

o 

cn 

ID 

r- 

ID 

ID 

gj 

■^r 

CO 

d 

r—H 

an 

an 

1"- 

i— i 

00 

00 

o 

co 

CD 

CO 

o 

01 

LD 

CN 

CN 

CN 

CN 

ro 

cn 

CN 

r— 1 

rH 

rH 

CN 

rH 

CO 

rH 

CO 

U 

CO 

CO 

w 

cn 

cn 

cn 

On 

cn 

cn 

cn 

cn 

cr> 

Cn 

Cn 

cn 

Cn 

Cn 

c 

C 

C 

C 

c 

c 

c 

c 

c 

C 

C 

c 

C 

C 

•r-i 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

H 

IX 

x 

(X 

X 

X 

X 

X 

X 

Ul 

Ul 

01 

• 

• 

X 

X 

X 

X 

X 

X 

ex 

IX 

e 

E 

£ 

E 

E 

E 

E 

E 

l/l 

Ul 

01 

IP 

>4 

E 

E 

E 

E 

B 

E 

03 

to 

ro 

to 

to 

to 

to 

to 

(0 

to 

to 

01 

01 

to 

03 

(0 

to 

to 

03 

4-> 

p 

P 

p 

4-> 

P 

p 

p 

rH 

1— 1 

rH 

01 

03 

p 

p 

p 

p 

p 

p 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

id 

ID 

a 

< 

< 

CO 

CO 

CO 

CO 

CO 

CO 

• 

rH 

CN 

CN 

CN 

CO 

ID 

CJ3 

• 

• 

• 

e 

« 

« 

• 

• 

P 

ID 

ld 

ID 

ID 

ID 

ID 

ID 

in 

E 

CN 

CN 

— 

— ' 

• 

, — - 

^ — - 

P 

>1 

CN 

CN 

c 

o 

Ul 

' — 

" — 1 

0 

p 

Ul 

•rH 

to 

c 

P 

p 

P 

CO 

, — , 

p 

01 

01 

u 

p 

CN 

CN 

P 

* — - 

3 

p 

p 

p 

c 

3 

2 

— ' 

— 

ai 

CN 

0! 

c 

0) 

3 

c 

13 

c 

- — 

ai 

01 

c 

O 

H 

p 

§ 

u 

p 

p 

P 

to 

X 

> 

to 

p 

X 

o 

(D 

0) 

ai 

01 

X 

3 

3 

X 

l 

1 

0 

X 

4-> 

c 

p 

rH 

p 

r; 

0 

0 

Ul 

Ul 

X 

0) 

£ 

G 

c 

0) 

0) 

3 

C 

p 

rH 

13 

u 

Ul 

Ul 

P 

p 

p 

P 

p 

X 

N 

o 

O 

H 

c 

c 

o 

H 

c 

ai 

C 

c 

to 

to 

01 

01 

ai 

ai 

01 

3 

•H 

u 

(0 

to 

0) 

•H 

•H 

•H 

p 

rH 

P 

c 

3 

13 

13 

CO 

CO 

1 

1 

X 

X 

i 

1 

> 

-C 

3 

3 

ID 

ID 

3 

c 

Q 

c 

c 

p 

Ul 

O 

H 

P 

01 

01 

p 

0) 

44 

4-4 

p 

p 

o 

p 

P 

rH 

13 

P 

P 

P 

P 

X 

X 

0 

cn 

0 

0 

(0 

Ul 

o 

0 

0 

3 

C 

to 

0 

0 

0 

1 

1 

01 

p 

0 

0 

to 

iH 

Q 

0 

0 

•H 

0 

Q 

Q 

rH 

p 

p 

to 

H 

X 

X 

D 

X 

a 

D 

u 

3 

X 

Q 

a 

D 

13 

13 

H 

c 

3 

•H 

p 

0 

0 

•H 

0 

0 

13 

(0 

O 

O 

p 

p 

P 

u 

X 

X 

ID 

X 

X 

X 

5-11 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  REDESIGN 


a 

g 

o 

H 


w 

a 

Eh 


< 

s 


a 

u 


c 

p 

C 

p 

0 

0) 

0 

0) 

p 

p 

1 V 

3 

33 

fC 

<13 

6 

03 

E 

cn 

UJ 

i 

<n 

p 

<5 

P 

£U 

0 

cu 

O 

p 

3 

CfP 

C 

dP 

c 

<U 

O 

0 

o 

0 

P 

r— 1 

•H 

r— 1 

*H 

P 

P 

P 

p 

P 

p 

p 

03 

c 

c 

c 

c 

c 

i 

1X5 

i 

03 

r— I 

0) 

03 

03 

0) 

03 

N 

N 

a 

p 

P 

P 

p 

p 

cn 

•H 

cn 

•H 

•H 

P 

P 

P 

p 

p 

cn 

i— 1 

cn 

r-i 

p 

0 

3 

3 

3 

3 

a) 

•H 

03 

°rl 

r— 1 

o 

U 

0 

0 

u 

c 

p 

c 

p 

4-1 

3 

ip 

3 

dP 

d#> 

<*> 

<*= 

<#> 

«w 

ip 

in 

in 

in 

O 

in 

•H 

P 

•H 

P 

cn 

t" 

C" 

VO 

r- 

p 

C 

p 

C 

> 

cn 

03 

cn 

0) 

i 

i 

1 

1 

i 

•H 

•H 

4-4 

ta 

o 

ta 

u 

3 

to 

CO 

to 

cn 

cn 

•H 

•H 

<u 

CO 

cn 

cn 

cn 

cn 

X 

4-1 

X 

p 

a 

0) 

03 

<13 

03 

<13 

P 

4-1 

p 

4-4 

c 

c 

c 

c 

C 

O' 

0) 

03 

03 

03 

<P 

4-1 

4h 

ip 

4-1 

C 

c 

rH 

a 

4H 

4h 

cp 

4-4 

0) 

d) 

<33 

0) 

03 

•H 

•H 

•H 

•H 

•H 

p 

p 

P 

P 

c 

4 j 

p 

p 

p 

p 

p 

0 

P 

0 

•H 

cn 

C/3 

cn 

cn 

cn 

cn 

£ 

cn 

£ 

cn 

o 

CN 

03 

03 

vO 

CO 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

iH 

o> 

f“H 

CO 

03 

m 

in 

CN 

CN 

m 

X 

4-) 

a 

& 


<#> 

in 

I 


o 

CN 


VO 


cn 

CD 

X 


Eh 

X 

o 

H 


vO 

rH 

03 

CN 

O 

O' 

o 

CO 

• 

• 

0 

0 

0 

0 

0 

0 

• 

CN 

03 

CO 

o 

00 

O 

P- 

CO 

in 

03 

rH 

m 

in 

m 

r— 1 

rH 

CN 

cn 

* 

* 

CO 

o 

CO 

o 

o 

o 

O' 

o 

m 

• 

• 

• 

0 

0 

• 

• 

• 

• 

r— 4 

rH 

CN 

O 

CN 

in 

03 

03 

r- 

o 

CN 

vO 

1— 1 

V0 

CN 

03 

O' 

03 

03 

O' 

03 

O' 

03 

c 

c 

c 

c 

c 

c 

c 

33 

c 

•H 

-P 

•P 

•H 

*p 

•H 

•H 

■H 

a 

a 

a 

a 

a 

a 

a 

03 

& 

E 

E 

E 

E 

E 

E 

E 

03 

E 

3 

3 

3 

3 

3 

3 

3 

P 

3 

P 

P 

P 

P 

P 

P 

P 

0 

P 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

a 

cn 

o 

VO 

r- 

00 

w 

0 

• 

0 

• 

in 

in 

in 

in 

, — . 

CN 

CM 

CN 

— ' 

— 

s 

c 

\ 

O' 

0 

P 

P 

u 

r* 

•H 

d) 

03 

•p 

p 

cn 

c 

P 

p 

P 

u 

Ca 

c 

D 

p 

a 

0 

M 

O 

0 

cn 

33 

M 

a 

SJ 

- 

1 

1 

a 

c 

a 

o 

rP 

0 

0 

33 

P4 

03 

rp 

i — t 

cn 

•H 

03 

s 

C 

<13 

03 

cn 

p 

N 

03 

o 

3 

c 

c 

03 

p 

c 

03 

•H 

P 

CJ 

a 

3 

3 

p 

3 

<13 

a 

a 

cn 

3 

X 

a 

a 

3 

03 

a 

E 

E 

Q 

P 

p 

O' 

(X 

cn 

3 

Eh 

o 

Cj 

U) 

•H 

to 

0 

c 

03 

03 

r-H 

0 

m 

U) 

•P 

0 

0 

33 

33 

•p 

03 

cn 

u 

W 

0 

rH 

p 

•H 

•H 

3 

03 

C 

p 

hH 

w 

O' 

&4 

a 

cn 

cn 

Eh 

E 

•H 

p 

c 

P 

3 

O' 

3 

0 

* 

3 

P 

c 

03 

p 

U 

a 

a 

a 

a 

12 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  MATERIAL  SUBSTITUTION 


ft 

3 

X 

o 

•H 

ft 


g 


p 

P 

ft 

ft 

ft 

4J 

pi 

ft 

«P 

-P 

3 

3 

3 

P 

3 

3 

co 

Ul 

3 

3 

3 

CO 

3 

3 

3 

3 

3 

O 

O 

O 

3 

CO 

CD 

0) 

Ul 

Ul 

0) 

<u 

4) 

CO 

0) 

a) 

CD 

4) 

CD 

•H 

•H 

•H 

CD 

10 

k 

k 

a; 

0) 

P 

p 

P 

<d 

P 

p 

P 

P 

P 

4-> 

p 

p 

P 

43 

k 

k 

3 

3 

P 

p 

P 

3 

P 

p 

P 

P 

P 

CO 

10 

(0 

P 

3 

3 

p 

4-) 

4-1 

p 

p 

p 

44 

p 

p 

p 

p 

p 

33 

33 

33 

p 

44 

0 

0 

4-1 

4-1 

O 

O 

O 

4-1 

O 

o 

0 

U 

O 

4) 

3 

3 

3 

0 

44 

•P 

•P 

•p 

U 

CD 

4) 

CD 

•p 

<*> 

«#> 

P 

4-> 

dP 

<#> 

dP 

4-> 

dP 

dP 

dP 

dP 

dP 

3 

£ 

£ 

E 

dP 

p 

< 

O 

o 

CO 

CO 

O 

o 

O 

CO 

O 

O 

in 

in 

in 

ra 

£ 

E 

E 

in 

CO 

VO 

vD 

vD 

VD 

vD 

VD 

lO 

r> 

r- 

r- 

-p 

O 

O 

0 

t" 

a 

r.T 

33 

33 

XJ 

CO 

u 

O 

CD 

33 

1 

1 

3 

3 

1 

1 

| 

3 

1 

1 

i 

i 

i 

•p 

4) 

aj 

$ 

I 

3 

e 

m 

ro 

m 

CO 

04 

a 

K 

CO 

LJ 

co 

co 

CO 

CD 

Ul 

CO 

CO 

to 

CO 

CO 

cd 

co 

n 

a 

u 

co 

CO 

A 

A 

CO 

ID 

Ul 

A 

CO 

CO 

(0 

CO 

CO 

04 

>4 

>i 

>. 

CO 

ft 

0) 

<u 

p 

P 

<u 

<u 

a) 

4-4 

a> 

4) 

4) 

4) 

4) 

P 

p 

P 

4) 

P 

c 

3 

tP 

CP 

3 

3 

3 

CP 

3 

3 

3 

3 

3 

-P 

ft 

ft 

P 

3 

O' 

44 

44 

3 

3 

4-1 

4-1 

4-1 

3 

44 

44 

44 

44 

44 

u 

CO 

CO 

CO 

44 

3 

<P 

44 

0) 

CD 

4-1 

4-1 

4-1 

CD 

44 

44 

44 

44 

44 

(0 

3 

3 

3 

44 

4) 

•H 

•H 

P 

P 

•H 

•P 

•P 

P 

■P 

■P 

-p 

•H 

•P 

ft 

33 

33 

33 

•H 

P 

P 

p 

P 

ft 

ft 

-P 

4-> 

ft 

ft 

-P 

4-> 

A 

£ 

3 

3 

3 

p 

P 

CO 

co 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

H 

H 

H 

H 

CO 

CO 

SUBSTITUTE 

MATERIAL 

Aluminum 

Aluminum 

HSLA 

HSLA 

Aluminum 

Aluminum 

Aluminum  , 

HSLA 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

HMC 

►4 

CO 

X 

O 

S 

<N 

in 

CO 

CO 

in 

in 

rH 

in 

CP 

CO 

VD 

in 

o 

o 

o 

<p 

X 

H 

> 

CM 

CN 

CO 

CM 

CM 

vO 

cp 

rH 

CN 

O' 

t" 

rH 

rH 

o 

r~ 

CO 

LO 

o 

< 

CO 

CM 

CM 

rH 

rH 

CM 

rH 

in 

a 

w 

vD 

m 

rH 

in 

r~ 

o 

rH 

in 

vD 

CP 

r- 

CM 

in 

o 

o 

o 

CP 

CM 

a 

CO 

CO 

O 

VO 

vo 

00 

rH 

CN 

r~ 

CO 

rH 

CM 

ID 

CD 

rH 

o 

t" 

CM 

in 

o 

CO 

CU 

rH 

rH 

1— 1 

rH 

rH 

rH 

rH 

rH 

in 

04 

ft 

&4 

X 

u 

H 

* 

* 

* 

£c 

o 

o 

CO 

o 

o 

CO 

vD 

o 

[•'- 

■=r 

10 

in 

o 

o 

o 

o 

o 

CD 

o 

CTi 

CTi 

rH 

r- 

43- 

CD 

VD 

o 

CO 

o 

■sT 

<p 

CO 

rH 

in 

o 

rH 

CM 

2 

CO 

CO 

CM 

rH 

CM 

rH 

rH 

CO 

rH 

CO 

CM 

rH 

rH 

o 

in 

2 

rH 

D 

U 

CO 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

tp 

CP 

CP 

CP 

CP 

CP 

CP 

CO 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

ft 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•rH 

•H 

•rH 

•H 

•H 

•H 

y 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

a, 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

& 

O 

B 

E 

E 

B 

E 

E 

E 

E 

E 

E 

E 

E 

E 

S 

E 

E 

E 

E 

E 

04 

CO 

CO 

3 

C0 

3 

3 

3 

3 

<T3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

ro 

ft 

p 

P 

P 

P 

P 

P 

P 

P 

p 

P 

P 

P 

P 

P 

P 

P 

P 

P 

p 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

• 

o 

CN 

H 

CO 

in 

in 

rH 

ID 

ft 

• 

• 

• 

• 

• 

• 

in 

in 

in 

in 

in 

in 

in 

in 

m 


co 


CN 

CN 

CD 

, — ^ 

— ' 

3 

CN 

3 

— ' 

k 

k 

3 

, — . 



4) 

4) 

A 

CN 

CN 

rH 

P 

P 

5 

U 

— 

<D 

4) 

rH 

3 

3 

r-K 

3 

XC 

CD 

O 

H 

P 

P 

k 

k 

CM 

3 

CJ 

3 

k 

k 

4) 

4) 

ft 

3 

3 

1 

1 

O 

- — - 

0 

B 

P 

3 

k 

ft 

ft 

CN 

ft 

o 

3 

3 

0) 

P 

k 

k 

m 

k 

k 

ft 

>4 

— 

ft 

n. 

O 

H 

TJ 

■« — » 

3 

4) 

CD 

k 

4) 

4) 

3 

3 

4) 

3 

M-* 

■v 

•H 

CM 

P 

3 

4) 

4) 

33 

33 

CO 

k 

o 

k 

4) 

CO 

1 

| 

c n 

' — ' 

> 

3 

3 

CP 

3 

3 

3 

co 

0 

E 

X 

V-J 

O 

M 

3 

Q 

4) 

CD 

k 

3 

k 

U 

3 

Q 

k 

k 

u 

k 

k 

rH 

rH 

rH 

•rH 

ft 

ft 

ft 

0 

>i 

0 

0 

k 

ft 

0 

0 

0 

0 

rH 

3 

1 

1 

X 

P 

k 

A 

P 

k 

ft 

0 

0 

Q 

Q 

o 

•H 

0 

rH 

P 

P 

3 

4) 

pH 

3 

CD 

0 

rH 

rH 

Q 

a 

u 

in 

u 

XI 

33 

33 

rH 

3 

3 

•H 

p 

4) 

•H 

p 

P 

CP 

X! 

0 

O 

0 

•*H 

O 

0 

33 

p 

CD 

33 

3 

3 

k 

3 

0 

0 

0 

k 

k 

k 

IS 

3 

_r~* 

3 

CD 

4) 

3 

u 

X 

X 

U 

ft 

ft 

P4 

ft 

§ 

ft 

pt* 

CO 

u 

5 - 13 


c 

o 

•H 

p 

u 

3 

33 

& 

0)  33 
n <u 
•H  P 
CO  ra 
£ 

CO  -H 
U 1 P 
ai  in 
ft  w 

* 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  MATERIAL  SUBSTITUTION 


+J 

44 

44 

-P 

, 

c 

c 

c 

C 

cn 

cn 

in 

in 

cn 

cn 

in 

cn 

cn 

0) 

OS 

4) 

a) 

cn 

in 

in 

cn 

in 

in 

> 

cn 

us 

p 

P 

P 

p 

0) 

0) 

a) 

as 

as 

as 

44 

o 

as 

as 

r4 

p 

>4 

P 

p 

c 

c 

c 

c 

c 

c 

0 

£ 

o 

c 

c 

as 

ft 

ft 

ft 

ft 

4-1 

4-1 

44 

44 

44 

44 

ft 

rH 

44 

44 

as 

o 

U 

o 

as 

O 

4-t 

4-1 

44 

44 

44 

44 

c 

c 

as 

44 

44 

4-1 

u 

•H 

-H 

•H 

-H 

•H 

•H 

0 

•H 

a 

-r4 

•rH 

CO 

dP 

dP 

dP 

c 

dP 

J-l 

■P 

■P 

-P 

44 

-p 

in 

£ 

4-S 

■P 

in 

in 

O 

(0 

in 

CO 

CO 

CO 

CO 

10 

CO 

•H 

ft 

p 

CO 

CO 

■ 

< 

r- 

10 

-p 

r- 

p 

rH 

as 

CO 

ft 

H 

in 

ft 

ft 

ft 

TJ 

ft 

ft 

ns 

< 

ft 

ft 

no 

B 

ft 

l 

t 

1 

■H 

i 

C 

C 

c 

c 

c 

c 

ft 

c 

C 

c 

• 

ft 

w 

in 

(0 

(0 

ns 

ns 

ns 

ns 

E 

> 

0 

c 

as 

ns 

ns 

D 

o 

£h 

ui 

cn 

cn 

a) 

in 

0 

pH 

p 

CP 

c 

*H 

H 

in 

us 

in 

ft 

in 

x: 

X 

X 

X 

X 

X3 

U 

ft 

H 

•H 

•H 

X 

X 

P 

Oi 

ft 

<D 

a) 

0) 

(l) 

-p 

-p 

44 

-p 

■p 

4-> 

£ 

in 

ns 

-p 

•P 

as 

U 

c 

c 

c 

•P 

c 

CP 

cr> 

O' 

O' 

CP 

CP 

r— i 

as 

-p 

as 

p 

CP 

CP 

ft 

144 

4-4 

4-1 

o 

4-1 

c 

c 

c 

c 

c 

c 

ns 

in 

US 

Q 

o 

c 

c 

4-1 

4-4 

4-1 

ns 

4-1 

0) 

a) 

0) 

a) 

as 

as 

ft 

cn 

ns 

S 

as 

as 

dP 

•H 

•H 

•H 

ft 

-iH 

p 

p 

p 

p 

p 

p 

■P 

ft 

U 

p 

p 

m 

W 

+J 

-P 

-P 

£ 

•P 

44 

-p 

44 

-p 

4-> 

4J 

u 

as 

■p 

4-S 

IN 

B 

CO 

CO 

CO 

H 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

rt 

2 

CO 

CO 

1 

SUBSTITUTE 

MATERIAL 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

Aluminum 

3 

CO 

X 

HSLA 

HSLA 

HSLA 

HSLA 

Aluminum 

Aluminum 
and  Plastic 

HSLA 

HSLA  | 

HSLA 

o 

co 

iH 

LO 

o 

r-~ 

o 

CO 

r~ 

IN 

ID 

ID 

o 

o 

O 

ID 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

> 

pH 

co 

CN 

CN 

r- 

rH 

CN 

CN 

o 

rH 

CN 

00 

rH 

O 

r- 

<c 

pH 

CN 

cn 

rH 

CN 

CN 

CN 

CO 

Q 

W 

r~ 

r~ 

in 

o 

ro 

o 

CN 

CO 

CO 

ID 

ID 

LD 

CN 

o 

ID 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

CP 

<p 

ID 

CN 

<p 

ro 

ID 

CN 

CN 

00 

CO 

CN 

in 

CO 

o 

cc 

i-3 

& 

o 

<H 

CN 

rH 

rH 

ID 

rH 

rH 

rH 

rH 

ao 

ft 

ft 

£* 

X 

CO 

M 

TSC 

* 

* 

i 

o 

CO 

o 

o 

o 

o 

in 

o 

ID 

o 

o 

ID 

CN 

o 

o 

ID 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

# 

rH 

CN 

o 

rr 

CN 

o 

CD 

CO 

*3* 

CO 

o 

ID 

o 

ID 

'sr 

§ 

CN 

10 

CN 

CO 

rH 

rH 

rH 

rH 

rH 

o 

5 

rH 

rH 

D 

U 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CO 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

CP 

CP 

C 

c 

c 

CO 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

c 

c 

•H 

•H 

•H 

w 

ft 

ft 

ft 

& 

ft 

ft 

ft 

a 

ft 

ft 

•H 

•H 

ft 

ft 

ft 

y 

£ 

i 

£ 

£ 

E 

£ 

£ 

B 

£ 

£ 

-p 

44 

E 

E 

£ 

O 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

in 

US 

ns 

ns 

ns 

Ph 

•P 

4-> 

-P 

4-* 

-P 

4-1 

44 

■P 

44 

•P 

rq 

ns 

■p 

44 

■P 

04 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

rH 

u 

U 

CO 

CO 

CO 

• 

CO 

CD 

CP 

CP 

a. 

• 

• 

• 

• 

• 

H 

ID 

in 

ID 

ID 

ID 

44 

as 

X 

o 

- — . 

ns 

cn 

p 

- — - 

. — - 

* — 

CQ 

CN 

CN 

--- 

^ — . 

— ' 

P 

CN 

CN 

CN 

us 

ft 

as 

" — 

— 

— ' 

r4 

C 

P 

S4 

X 

r— - 

P 

ns 

ns 

as 

as 

u 

£ 

P 

CN 

as 

as 

ft 

c 

44 

ns 

P 

C, 

' — " 

44 

Tl 

as 

i-4 

c 

2 

p 

3, 

ft 

ns 

as 

c 

ft 

ns 

c 

H 

O 

■>— - 

CQ 

as 

(-4 

us 

•H 

ft 

o 

CN 

CN 

c 

i-4 

i-H 

r-H 

ft 

ns 

rH 

X 

as 

•rH 

Eh 

1 

1 

w 

— ' 

CP 

0 

0 

0 

c 

C_> 

>1 

IS 

ft 

44 

rH 

c 

*H 

p 

p 

0 

u 

44 

a 

-P 

r-* 

U 

ft 

as 

1 — 1 

i — 1 

<1) 

P 

■H 

US 

■p 

44 

•rH 

ns 

rH 

p 

P 

as 

ID 

P 

2 

c 

as 

as 

m 

as 

44 

c 

c 

c 

US 

XI 

0 

ns 

p 

rH 

4^ 

ft 

O 

ns 

c 

c 

P 

as 

Q 

C 

as 

o 

0 

c 

CO 

CQ 

as 

as 

u 

ns 

Oj 

ft 

ft 

ns 

ns 

0 

44 

£ 

P 

ft 

u 

u 

as 

1 

O 

44 

p 

rH 

ft 

s 

ft 

ft 

•C 

ns 

as 

0 

us 

ft 

CP 

ft 

us 

TJ 

cn 

<D 

o 

■P 

rH 

CP 

E 

s 

p 

p 

p 

us 

c 

tp 

C 

0) 

as 

ft 

c 

as 

as 

<D 

rH 

as 

1 o 

as 

as 

P 

•H 

as 

c 

S 

ns 

CP 

r* 

N 

as 

0 

ft 

ft 

<V 

•H 

no 

as 

5 

ft 

CO 

P 

rH 

•H 

c 

§ 

•H 

-p 

p 

•H 

•rH 

r\ 

<0 

as 

•rH 

c 

44 

Q 

& 

ft 

>< 

p 

as 

as 

•H 

CO 

ns 

ft 

CO 

CO 

^2 

Eh 

£ 

CO 

-H 

C 

ft 

5 

p 

CO 

a, 

as 

X 

a: 

ft 

13 

E 

ns 

CP 

0 

ns 

as 

ns 

ns 

p 

fD 

US 

•H 

S4 

c 

p 

as 

44 

p 

p 

ns 

Q 

US 

44 

ft 

ft 

ft 

ft 

CO 

cn 

CQ 

ft 

as 

US 

ft 

U 

^ * 


5 - 14 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  MATERIAL  SUBSTITUTION 


ft 

3 

At 

V 

•H 

eu 


w 

ft 

E* 


H 

ft 


ft 

U 


to 

in 

in 

in 

in 

in 

to 

TO 

TO 

c 

c 

C 

U-l 

<ft 

ft 

<w 

UH 

ft 

•p 

*P 

*H 

ft 

ft 

ft 

ft 

ft 

ft 

ft3 

ftJ 

T3 

C 

C 

C 

(0 

TO 

TO 

ft 

ft 

ft 

■p 

ft 

ft 

cp 

CP 

CP 

c 

C 

c 

to 

a) 

TO 

p 

p 

P 

ft 

ft 

ft 

w 

ft 

ft 

w 

ft 


u 

ft 

H 

> 

< 

ft 


LD 

ID 

ID 

• 

• 

• 

o 

CN 

O 

rH 

rH 

LD 

• 

• 

• 

o 

(N 

rH 

rH 

CD 

• 

in 

H 


E-< 

ft 

ft 

M 


Q 

W 

ft 

o 

ft 

o 

ft 

ft 


o 

m 

o 

• 

• 

• 

iH 

LO 

"S' 

CN 

CN 

ft 

ft 

w 

8 

ft 

ft 


CP 

CP 

CP 

c 

c 

c 

•H 

•H 

•H 

a 

a 

a 

E 

a 

E 

TO 

TO 

TO 

ft 

ft 

ft 

ft 

ft 

ft 

u 

H 

Cm 


ft 

0) 

At 

U 

to 

P 

ft 

cp 

c 

•H 

ft 

c 

3 


At 

C 

§ 


0) 

£ 


P P 
TO  TO 
ft  ft 

e a 
£ £ 


+j 

c 

o 

£ 


ft 

c 

o 

£ 


ft 

« 

Eh 

O 

Eh 


5 - 15 


■p 

o 

3 

ft! 

£ 

a) 

N 

•H 

cn 

(/) 

in 

£ 

■Si 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  REDESIGN 


c 

:> 


w 

cs 

Eh 


< 

H 

PS 


(S 

u 


c 

0 

U 
0) 

3 

& 

c 

dP  O 
O *H 
a +J 

1 


3 

0) 

a) 

c 

x 

o 


3 

cn 

3 

c 

'X 

u 


a 

o 


£ £ 


■a 

<u 

T3 

c 


D 

3 

H 

C 


03 

c 

o 

•H 

4J 

03 

C 

P 

0) 

a 

c 

H 


i — i 

3 


(D 

U 

•H 

+J 

U 

03 


a 

a 

a 

a 

a 

a 

a 

N 

a 

a 

a 

a 

a 

a 

a 

3 

3 

3 

p 

c 

c 

c 

c 

c 

c 

c 

3 

•H 

c 

c 

c 

c 

c 

c 

c 

E 

£ 

Si 

03 

4) 

<u 

3 

3 

3 

3 

3 

3 

rH 

3 

3 

3 

3 

3 

3 

3 

E 

E 

u 

G 

P 

p 

p 

P 

p 

P 

P 

3 

•H 

p 

P 

P 

p 

P 

P 

P 

O 

0 

Q 

p 

p 

p 

P 

p 

P 

P 

C 

a 

p 

P 

P 

p 

P 

P 

P 

o 

o 

(X 

P 

P 

3 

3 

3 

3 

3 

3 

a 

D 

p 

p 

p 

p 

p 

p 

3 

5! 

3 

1 

3 

G 

G 

o 

O 

G 

0 

G 

a 

0 

G 

G 

o 

G 

G 

G 

cs 

IS 

cn 

•H 

a 

c 

c 

dP 

dP 

dP 

dP 

dP 

dP 

dP 

a 

c 

dP 

dP 

dP 

dP 

dP 

dP 

dP 

>1 

cn 

3 

ID 

ID 

ID 

ID 

LD 

LD 

ID 

cn 

3 

O 

O 

O 

O 

O 

O 

O 

p 

P 

•H 

3 

r- 

r» 

r** 

r' 

r- 

r» 

•H 

ID 

10 

10 

10 

<0 

0 

0 

a 

a 

3 

3 

T3 

u 

w 

U) 

3 

SP 

i 

i 

i 

i 

i 

i 

i 

c 

•H 

1 

1 

1 

1 

1 

1 

1 

p 

2 

Q 

cs 

CD 

a a 

D 

u 

U) 

co 

3 

3 

3 

3 

3 

a 3 

3 

3 

3 

3 

3 

3 

3 

C 

c 

3 

3 

cn 

cn 

3 

3 

3 

3 

3 

X 

H -H 

3 

3 

3 

3 

3 

3 

3 

H 

H 

rH 

a 

CU 

3 

3 

3 

3 

3 

3 

a 

p 

3 

3 

3 

3 

3 

3 

3 

A 

3 

c 

c 

C 

C 

C 

C 

C 

cn 

3 3 

C 

C 

C 

C 

C 

C 

C 

a 

a 

CO 

c 

<p 

a 

a 

a 

a 

a 

a 

C 

p a 

a 

a 

a 

a 

a 

a 

a 

w 

3 

U 

•H 

cp 

a 

a 

a 

a 

a 

a 

3 

a S3 

a 

a 

a 

a 

a 

a 

a 

3 

3 

E 

•H 

•H 

•H 

•H 

•H 

•H 

p 

2 2 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

a 

a 

3 

•H 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

<3 

<3 

jaj 

rH 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

tH 

IH 

2 

CN 

o 

o 

CO 

CM 

0 

o 

CN 

04 

o 

o 

o 

o 

0 

cn 

0 

o 

o 

• 

• 

• 

• 

« 

• 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

rH 

ro 

rr 

0 

ro 

iH 

o 

LD 

0 

-a 

LD 

LD 

o 

CD 

LD 

ro 

o 

rH 

rH 

04 

rH 

G 

s 

H 

> 

rf 

W 


cn 

m 

P 


Eh 

K 

G 


Q 

W 

cn 

o 

IS 

o 

OS 

cs 


co 

m 


o 

ro 


O 

r— 1 


ro 

LO 


00 


LO 

ro 


LO 


LD 

CN 

CN 


CO 


CN 

ro 


CN 

ro 


cn 

CN 


cn 

CN 


vO 


m 


o 

rH 


* 

o 


in 

CN 


* 

o 


cn 

cn 


* 

o 


LO 

ID 


* 

o 


o 

r- 


* 

o 


LO 

cn 


* 

o 


* 

o 


* 

o 

o 

LO 

CN 


0^ 

cn 


Cs 

cn 


co 

(N 


CO 

CN 


ID 

CN 


ID 

CN 


cn 


vO  co 


CO 

CO 

w 

8 

IS 

IS 


Cn 

C 

•H 

cs 

E 

03 

a 

cn 


Dn 

C 

•H 

cs 

E 

03 

4-> 

cn 


cn 

c 

•H 

a 

g 

0! 

+J 

cn 


cn 

c 

•H 

a 

E 

03 

a 

cn 


Cn 

c 

•H 

a 

E 

co 

a 

cn 


cn 

c 

•H 

a 

E 

03 

V 

cn 


cn 

c 

•H 

a 

£ 

03 

a 

cn 


Cn 

e 

•H 

a 

E 

03 

■P 

cn 


cn 

c 

•H 

a 

E 

03 

■P 

cn 


cn 

c 

•rH 

£ 

03 

■P 

cn 


cn 

c 

•H 

a 

E 

03 

a 

cn 


cn 

c 

•H 

a 

E 

03 

■P 

cn 


cn 

c 

•H 

a 

E 

03 

+J 

cn 


cn 

c 

*H 

a 

E 

03 

■P 

cn 


tn 

c 

•H 

E 

03 

■P 

cn 


rH  rH 
•§  ■§ 


g g 


3 

cn 

cn 

< 


<u 

cn 

cn 

<C 


G 

H 

IS 


CM 

in 


cn 


o 

a 

s 

o 

u 


>1 

T3 

s 


a 

<p 


a 

X 

cn 


3 2 


a 

X! 

P 

0 

3 

3 

o 

3 

0 

U 

n 

0 

CD 

rH 

•H 

•H 

PS 

Q 

IS 

cn 

cn 

p 

<u 

a 

8 


p 

3 

■P 

P 

03 

a 

■p 

c 

o 

£ 


p 

a) 

c 

fi 


p 

0) 

a 

p 

03 

& 

a 

c 

o 

£ 


(N  CM  CN  CM 


0) 

P 

3 

•P 

u 

3 

P 

■P 

cn 

>i 

IS 

o 

p 

p 

CU 

13 

c 

a 


p 

CU 

a 

8 


-p 

c 

o 

£ 


p 

<D 

+J 

8 


p 

(U 

a 

8 


p 

CU 

c 

c 

H 


0) 

c 

a 


S 8 


■p 

c 

0 

£ 


p 

o 

-p 

03 

rH 

3 

cn 

8 


0) 

cn 

cn 

< 

a 

c 

:> 


u 

O 

3 

3 

p 

p 

p 

P 

a 

rH 

1! 

3 

3 

0 

0 

0 

0 

c 

3 

C 

CD 

3 

o 

o 

o 

o 

3 

•H 

•H 

a 

a 

8 

8 

8 

> 

p 

3 

G 

G 

3 

3 

3 

p 

p 

iH 

H 

P 

P 

P 

H 

H 

3 

0J 

3 

c 

0 

0 

O 

•H 

•H 

3 

3 

0 

•H 

0 

Q 

Q 

cn 

cn 

IS 

CS 

u 

3 

Q 

P 

Q 

5-16 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  REDESIGN 


C 

£ 


w 

ft 

X 

&4 


c 

c 

c 

o 

0 

o 

dP 

TS 

OD 

n 

o 

0) 

0) 

01 

cn 

in  u-i 

in  144 

in  44 

i 

ra  o 

tO  O 

io  o 

ffl 

ffl 

m 

44 

c 

C 

c 

f0  rH 

dP  0 

dP  O 

dP  0 

0)  to 

O -A 

O -H 

O -A 

M C 

i— 1 44 

.-4  4J 

.-4  +J 

0 

i (0 

1 (0 

i ro 

<D  -H 

44 

N 

N 

N 

r4  4-> 

c 

in  -h 

in  -h 

in  *<4 

ft  03 

0) 

in  r4 

in  r4 

in  1-4 

--4  C 

14 

01  -H 

<1)  -H 

0)  ->4 

4-4  14 

i-l 

C -P 

C 44 

c O. 

rH  Q) 

p 

14-1  D 

M4  D 

44  C3 

P 4-4 

0 

144 

44 

44 

S C 

•H  4-1 

■A  4J 

•H  4-> 

H 

dP 

44  C 

4-4  C 

4-4  C 

• 

O 

CO  0) 

CO  01 

CO  01 

U3  r4 

ID 

•H 

•H 

•H 

> r4 

T}  Cl 

T J Cl 

H3  Cl 

01 

1 

C -H 

C -H 

C *<4 

44  3 

(0  <44  H 

<o  44 

r— 1 

10  44 

rH 

10  M 

cn 

144  (0 

44 

to 

44 

10 

4>  U 

-C 

in 

W -H 

ffl  w 

■H 

A W 

•H 

1-5  Q 

44 

44 

0) 

44  14 

4-1 

14 

4-1 

14 

ft 

ft 

ft 

c 

CO  0)  0) 

Cn  04 

0) 

cn  <D 

0) 

01 

91 

9? 

04 

C >4  44 

C 14 

4-4 

C 14 

4-4 

rH  M 

Q 

Q 

<4H 

•H 

2 £ £ 

S £ £ 

2 £ £ 

cn  ai 
C Oh 

dP 

dP 

44 

4-> 

4-4 

4-4 

•H 

ID 

LT) 

10 

CO 

CO 

CO 

CO 

i 

i 

CO 

ID 

in 

id 

CO 

o 

o 

• 

C 

• 

• 

• 

• 

• 

CN 

co 

o 

rH 

r* 

CN 

CM 

rH 

CO 


r- 

o 

CO 

CO 

CD 

CO 

• 

• 

• 

• 

• 

• 

• 

CN 

ID 

CO 

o 

VO 

o 

rH 

CO 

rH 

(N 

CN 

in 


o 

ID 

cn 

vD 

CO 

00 

• 

• 

• 

• 

• 

• 

vO 

LD 

LD 

r- 

CO 

CN 

CO 

i-H 

LD 

CN 

CN 

co 


CO 

cn 

Cn 

cn 

Cn 

Cn 

Cn 

W 

c 

c 

c 

c 

-d 

c 

C 

y 

•H 

•H 

•H 

•H 

•H 

o 

ft 

ft 

ft 

ft 

0) 

ft 

ft 

Pa 

£ 

£ 

£ 

£ 

Cn 

£ 

£ 

P-t 

ro 

10 

ro 

10 

14 

(0 

to 

44 

44 

44 

44 

p 

44 

44 

CO 

CO 

CO 

CO 

£ 

CO 

CO 

U 

rH 

rH 

CN 

rH 

rH 

rH 

CD 

bn 

4 

•* 

• 

• 

ID 

ID 

LD 

ID 

14 

0) 

14 

"§ 

01 

01 

n 

E 

*— 

m 

CN 

0) 

in 

- — ' 

£ 

0 

in 

14 

cn 

in 

u 

c 

O 

•r4 

)4 

44 

14 

CO 

u 

14 

ft 

O 

CO 

2 

C 

ft 

m 

0 

ft 

c 

2 

•H 

P 

0 

O 

in 

CO 

E 

■H 

ft 

C 

14 

in 

14 

s 

01 

14 

0 

C 

ai 

14 

o 

ft 

to 

04 

ai 

ft 

ai 

u 

cn 

in 

44 

ft 

£ 

ft 

p 

ft 

10 

in 

3 

£ 

IO 

rH 

P 

m 

3 

£ 

ai 

ft 

CO 

m 

o 

44 

c 

44 

Eh 

TS 

C 

•H 

44 

14 

c 

14 

O 

0 

Cn 

to 

to 

0 

ro 

O 

>4 

5 

0) 

0} 

>4 

aj 

ffl 

ft 

ft 

CO 

ft 

ft 

ft 

5 ' - 17 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  MATERIAL  SUBSTITUTION 


p 

P 

•P 

■P 

p 

p 

p 

P 

c 

c 

C 

c 

c 

c 

c 

c 

c 

c 

in 

in 

in 

m 

in 

C 

0 

0 

0 

in 

in 

in 

0) 

0 

TO 

TO 

TO 

TO 

TO 

in 

in 

in 

in 

in 

TO 

•H 

•H 

•H 

in 

in 

(0 

p 

p 

P 

P 

P 

p 

P 

TO 

TO 

TO 

TO 

TO 

P 

p 

p 

p 

TO 

TO 

TO 

u 

p 

P 

P 

P 

p 

P 

G 

C 

c 

C 

C 

P 

03 

TO 

TO 

c 

c 

G 

p 

p 

P 

P 

P 

p 

p 

P 

4-4 

p 

P 

p 

p 

13 

13 

13 

4-4 

p 

4-4 

0 

G 

0 

G 

G 

G 

G 

P 

4-4 

p 

4-4 

p 

TO 

G 

C 

G 

G 

p 

4-4 

p 

•H 

•H 

•H 

•H 

•H 

U 

TO 

TO 

TO 

•H 

•H 

*r4 

& 

dP 

dP 

dP 

dP 

dP 

dP 

p 

p 

p 

p 

p 

C 

dP 

g 

E 

E 

p 

p 

p 

o 

o 

o 

o 

O 

o 

o 

in 

in 

in 

in 

in 

TO 

O 

E 

E 

E 

in 

in 

in 

sC 

m 

VD 

ID 

10 

10 

10 

o 

P 

O 

O 

o 

M 

13 

io 

13 

13 

13 

in 

TO 

O 

o 

13 

U 

13 

ft 

1 

1 

1 

1 

1 

! 

1 

c 

c 

C 

c 

C 

•H 

i 

TO 

0 

a> 

c 

c 

c 

w 

TO 

TO 

TO 

TO 

TO 

in 

ft 

ft 

ft 

TO 

TO 

TO 

c 

P 

in 

in 

in 

in 

in 

in 

in 

a> 

in 

TO 

H 

in 

in 

in 

U3 

in 

in 

in 

JO 

JO 

JO 

JO 

.c 

oi 

in 

>1 

>1 

x 

JO 

JO 

JO 

> 

ft 

0 

TO 

TO 

TO 

TO 

TO 

TO 

p 

ft 

P 

P 

p 

TO 

p 

P 

p 

P 

p 

p 

u 

c 

C 

c 

C 

c 

C 

c 

O' 

2 

2 

2 

CP 

P 

c 

p 

P 

p 

CP 

CP 

2 

ip 

ip 

ip 

ip 

ip 

ft 

ft 

G 

C 

C 

c 

c 

u 

p 

m 

in 

in 

c 

c 

C 

*4-1 

ip 

ip 

4-4 

4-4 

ft 

p 

TO 

TO 

TO 

TO 

TO 

TO 

p 

3 

3 

3 

TO 

TO 

TO 

•rH 

•H 

•H 

•H 

•H 

•H 

•rH 

P 

P 

P 

P 

P 

ft 

•H 

13 

13 

13 

P 

P 

P 

p 

-p 

■p 

p 

p 

p 

p 

P 

P 

P 

P 

P 

E 

p 

c 

G 

C 

P 

P 

P 

ft 

2 

in 

in 

in 

in 

in 

in 

in 

in 

in 

cn 

in 

H 

in 

H 

H 

H 

in 

in 

in 

X 

E-| 

Ei 

2 

g 

2 


< 

H 

E 

E 

E 

E 

E 

E 

£ 

E 

£ 

E 

E 

£ 

E 

(X 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

w 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

E-« 

a* 

•H 

•H 

•H 

•H 

•H 

*H 

•H 

•H 

•H 

*H 

•H 

•H 

•H 

E 

E 

E 

£ 

E 

E 

E 

sC 

sc 

sc 

sC 

< 

E 

E 

E 

E 

E 

E 

sC 

SC 

S 

3 

3 

3 

3 

3 

3 

3 

ft 

4-3 

hJ 

ft 

ft 

3 

3 

3 

3 

3 

3 

|J 

|J 

rH 

i—4 

rH 

rH 

rH 

rH 

m 

in 

in 

2 

2 

r— l 

rH 

iH 

iH 

rH 

rH 

2 

2 

< 

< 

< 

sc 

< 

i 

2 

2 

2 

2 

sC 

sC 

<C 

< 

< 

< 

2 

2 

o 

2 

sr 

ro 

CN 

»H 

2 

[" 

O 

o 

rH 

O 

o 

CN 

in 

CO 

rH 

w 

> 

< 

CN 

CN 

in 

m 

sr 

sr 

CN 

CN 

CO 

CN 

I"- 

o 

r- 

CO 

CN 

r- 

rH 

rH 

CN 

CN 

rH 

rH 

iH 

rH 

rH 

IN 

rH 

in 

a 

w 

m 

ID 

10 

rH 

rH 

m 

m 

r- 

00 

2 

rH 

CO 

o 

o 

o 

o 

CO 

r" 

CN 

sr 

o 

ft 

o 

ID 

m 

CN 

CN 

o 

o 

rH 

CO 

rH 

CN 

in 

in 

O' 

r- 

CN 

CN 

r~ 

O' 

2 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

CN 

rH 

CP 

CN 

ft 

ft 

* 

* 

* 

* 

* 

* 

* 

* 

o 

o 

in 

l n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

o 

o 

in 

CO 

in 

m 

EH 

• 

2 

CPi 

CP 

CO 

00 

in 

in 

00 

it 

m 

® 

CN 

2 

in 

in 

2 

r- 

fjJ 

m 

cn 

CN 

CN 

CN 

CN 

CN 

rH 

CN 

rH 

rH 

■TO* 

rH 

rH 

rH 

s 

rH 

D 

U 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

DP 

2 

2 

2 

2 

2 

2 

C 

G 

C 

C 

C 

C 

C 

c 

C 

C 

C 

C 

C 

G 

C 

C 

C 

C 

G 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

■rH 

•P 

•H 

•H 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

£ 

E 

E 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

ro 

TO 

TO 

TO 

TO 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

p 

P 

P 

P 

P 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

in 

2 

2 

2 

2 

o 

I — I 

in 


m 


>1 

13 


<N 

CN 

. — - 

* — - 

— ' 

— 

CN 

CN 

CN 

CN 

— 

* — 

— - 

■ — 

P 

P 

0) 

<u 

P 

P 

P 

P 

p 

c 

<u 

ai 

a) 

' d) 

3 

c 

p 

c 

p 

c 

rH 

O 

H 

3 

c 

3 

G 

0 

CN 

6 

H 

O 

H 

c 

' — ' 

1 

1 

TO 

i 

1 

i 

1 

ft 

<D 

p 

P 

P 

TD 

TO 

0 

0 

p 

P 

p 

P 

P 

•H 

Si 

Q 

0 

0 

0 

0 

0 

C 

in 

ft 

P 

p 

Q 

0 

Q 

Q 

0 

P 

p 

P 

P 

> 

i 

1 

P 

p 

C 

c 

a) 

<u 

P 

P 

rH 

rH 

rH 

0 

0 

TS 

13 

TO 

TO 

3 

rH 

rH 

p 

p 

•H 

•H 

0 

0 

•H 

•H 

ft 

ft 

2 

2 

ft 

ft 

u 

in 

2 

W 

8 

m 


o 

£ 


0 

c 

c 

ro 

6 

a) 

13 

•H 

in 


£ 

£ 

0 

J3 

P 

0 

13 


a) 

in 

3 

O 

jo 

rH 

a) 

a) 


P 

0) 

AS 

O 

(0 

P 

m 

2 

c 


in 

P 

0 

a; 

u 

TO 

p 

03 

P 

P 

o 

ft 

& 


0 

0 

C 

3 

P 

0 

4H 

3 

2 

0 

E 

-P 

0 

13 

P 

u 

TO 

s 

P 

o 

P 

rH 

0 

0 

p 

p 

ft 

ft 

0 

P 

P 

TO 

0 

c 

TO 

TO 

13 

•H 

p 

P 

p 

•H 

■H 

E 

0 

13 

TO 

TO 

TO 

TO 

2 

13 

•H 

0 

0 

0 

0 

C 

p 

X 

ft 

X 

2 

2 

ft 

ft 

in 

W 

5-18 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  MATERIAL  SUBSTITUTION 


8 

JH 

Ei 


W 


M 

X 


X 


01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

U1 

01 

01 

01 

01 

01 

0) 

01 

01 

01 

01 

U1 

ai 

0) 

01 

01 

0 

01 

0) 

X 

01 

01 

01 

01 

0) 

c 

c 

c 

c 

o 

c 

c 

01 

c 

c 

c 

G 

c 

<4-1 

<4-1 

<4-1 

<4-1 

rH 

X 

X 

01 

X 

X 

X 

X 

X 

<4-4 

<4-4 

<4-1 

<4H 

3 

X 

X 

X 

X 

X 

X 

X 

X 

•ri 

■H 

•H 

•H 

a 

•H 

•H 

01 

•rH 

•H 

•H 

-H 

•rH 

X 

X 

4-> 

X 

X 

X 

X 

X 

X 

X 

X 

X 

01 

01 

01 

1-4 

01 

01 

• 

01 

01 

01 

01 

01 

< 

0) 

01 

H 

<3 

<3 

<3 

35 

6 

<3 

'O 

<0 

33 

<0 

*3 

33 

ft 

c 

c 

C 

C 

C 

c 

• 

c 

c 

c 

C 

c 

(0 

<0 

<0 

<0 

c 

cn  oi 

(0 

<0 

D 

to 

<0 

to 

to 

to 

H 

x; 

X 

X 

X 

•H  c 

X 

X 

14 

X 

X 

X 

X 

X 

ft 

x 

+1 

4-> 

X 

01  -H 

X 

X 

0) 

X 

X 

X 

X 

X 

u 

3> 

cn 

cn 

cn 

3 3 

cn 

cn 

ft 

cn 

cn 

cn 

cn 

Cn 

c 

c 

c 

c 

a i-i 

c 

c 

c 

c 

c 

c 

c 

01 

0) 

0) 

0) 

o 

01 

01 

<#> 

01 

01 

01 

0) 

0) 

4 

n 

1-4 

u 

5 2 

i-4 

1-4 

in 

1-4 

14 

14 

1-4 

14 

X 

4-1 

X 

X 

01 

X 

X 

CN 

X 

X 

X 

X 

X 

x 

01 

01 

01 

S 

01 

Ol 

1 

01 

01 

01 

01 

01 

X 

< 

H 

K 

8 

< 

S 


u 

•rH 

X 


E 

01 

£ 

£ 

E 

0 

to 

0 

P 

3 

c 

X 

c 

C 

c 

•H 

ft 

•H 

•H 

•H 

< 

<c 

< 

< 

£ 

<c 

< 

£ 

£ 

rt 

£ 

< 

X 

X 

X 

X 

0 

33 

X 

X 

X 

P 

P 

X 

2 

X 

01 

01 

Ol 

x 

X 

c 

Ol 

01 

01 

X 

rH 

01 

rH 

01 

X 

X 

X 

X 

< 

to 

X 

X 

X 

< 

<c 

X 

< 

X 

Q 

ft 

x 

o 


co 


m 

m 

CN 

o 

in 

rH 

in 

CN 

• 

• 

• 

• 

CN 

• 

• 

• 

• 

• 

• 

• 

• 

in 

CN 

r- 

• 

in 

m 

o 

rH 

m 

in 

o 

rH 

rH 

CN 

CO 

rH 

rH 

rH 

o 

in 

o 

o 

CN 

o 

o 

in 

CN 

X 

in 

CO 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

X 

cn 

in 

o 

X 

o 

CN 

l£> 

vO 

o 

in 

rH 

rH 

rH 

o 

CN 

CN 

CN 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

c 

c 

c 

c 

cn 

G 

c 

c 

c 

c 

c 

c 

c 

•H 

•H 

•H 

•H 

c 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

ft 

ft 

ft 

ft 

•H 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

E 

E 

E 

E 

X 

E 

E 

E 

E 

E 

E 

E 

E 

to 

(0 

to 

to 

01 

to 

to 

to 

03 

>0 

to 

to 

f0 

X 

X 

X 

X 

to 

X 

X 

X 

X 

X 

X 

X 

X 

in 

in 

in 

in 

u 

in 

in 

X 

X 

X 

X 

X 

X 

co  cn 

t • 

in  in 


CN 


Eh 


ft 

O 

u 


X 

' — 

CN 

01 

" 

a: 

X 

u 

3 

X 

to 

a: 

3 

14 

u 

a; 

ft 

3 

u 

X— -V 

. — - 

14 

3 

CN 

CN 

CN 

01 

33 

Cl 

4 

— ' 

' 

X 

G 

m 

- — - 

u 

to 

to 

cn 

E 

P 

CN 

01 

01 

33 

c 

cn 

4 

c 

— 

X 

33 

01 

X 

•H 

c 

<3 

0 

c 

ft 

to 

X 

*r4 

01 

X 

•H 

<3 

c 

X 

c 

rH 

rH 

X 

ft 

rH 

JG 

01 

3 

c 

0 

0 

0 

c 

AC 

& 

Cl 

ft 

a 

3 

•r4 

14 

14 

o 

o 

X 

X 

o 

01 

X 

X 

•H 

to 

X 

3 

3 

in 

2 

c 

c 

c 

01 

J3 

Q 

14 

rH 

X 

■ — ' 

14 

14 

0 

o 

c 

X 

ffl 

0) 

u 

to 

3 

3 

14 

14 

ft 

u 

u 

¥ 

1 

X 

14 

rH 

ft 

ft 

3 

3 

Ul 

ft 

cn 

D 

01 

<3 

ft 

<1) 

AJ 

E 

E 

ft 

ft 

X 

P 

14 

14 

01 

c 

<g 

C 

<1) 

G 

3 

3 

E 

E 

eC 

in 

0) 

01 

3 

•H 

01 

s 

(0 

cn 

r\ 

3 

(S 

m 

2 

3 

Eh 

3 

ft 

X 

14 

rH 

c 

Eh 

ft 

CO 

O 

X 

Q 

& 

ft 

01 

0) 

•H 

X 

X 

Eh 

c 

X 

14 

X 

3, 

a; 

a; 

X 

T5 

rH 

c 

c 

14 

14 

0 

to 

(0 

to 

14 

03 

3 

0 

0 

3 

3 

>4 

01 

14 

14 

to 

O 

3 

14 

14 

3 

3 

ft 

ft 

co 

ft 

ft 

cn 

ft 

ft 

ft 

ft 

ft 

5 - 19 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  SIZE  REDUCTION 


P 

•H 


g 


o 

z 

H 

> 

< 

CO 


a 

w 

co 

O 

fa 

o 

CS 

fa 


CO 

co 

w 

8 

fa 


u 

H 

fa 


fa 

a 

w 

co 

EC 

u 

< 

w 

§ 

o 

CD 

Eh 

8 


in 

CO 

cp 

o 

CD 

lO 

ID 

CD 

O' 

"S" 

o 

CO 

LD 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

pH 

ID 

CN 

CN 

pH 

m 

o 

o 

pH 

pH 

LD 

o 

CD 

LD 

CN 

pH 

o 

r- 

•t 

m 

LD 

r~ 

CD 

CO 

o 

r- 

| 

o 

o 

pH 

CN 

CO 

U5 

pH 

<p 

CD 

r~ 

pH 

LD 

cp 

m 

cp 

CN 

rH 

LD 

CD 

CM 

CN 

CP 

pH 

i— i 

CN 

* 

* 

* 

He 

* 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

LD 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

LD 

<N 

r~ 

*cr 

pH 

CD 

LD 

o 

CP 

CD 

o 

o 

m 

CP 

cd 

pH 

in 

CN 

CN 

o 

CN 

r-H 

- 

CD 

C7> 

O' 

O' 

CP 

Cr> 

cp 

CP 

CP 

Do 

CP 

CP 

c 

c 

c 

c 

C 

c 

c 

c 

C 

c 

c 

•H 

•pi 

•H 

•H 

•pi 

•pi 

ft 

ft 

ft 

ft 

cn 

cn 

ft 

ft 

ft 

& 

ft 

ft 

ft 

g 

B 

B 

E 

w 

cn 

E 

E 

E 

E 

E 

E 

E 

to 

f0 

m 

d 

d 

d 

(0 

id 

fO 

d 

t0 

d 

CO 

p 

p 

-P 

p 

i — 1 

pH 

P 

P 

p 

P 

p 

P 

p 

CO 

CO 

CO 

CO 

ID 

e> 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

13 

CD 

<3* 

•S" 

r 

r- 

# 

• 

• 

• 

• 

• 

LD 

ID 

LD 

LD 

LD 

LD 

D 

H 

s 


O 

£ 


CO 


O 

u 


>1 

'O 


a 

£ 


p 

<D 

p 

C 

s 

0 

d 

T3 

0 

ft 

fa 

i — i 

T3 

ft 

a) 

0) 

C 

p 

P 

p 

•rH 

•rH 

CO 

CD 

d 

A 

z 

S 

P 

tp 

cn 

p 

Q 

A 

0 

pH 

P 

0 

M 

U) 

0 

•H 

C 

ra 

p 

d 

pH 

(0 

•H 

aj 

d 

pH 

Q 

fa 

Eh 

s 

a 

'O 

•H 

pH 

0 

dJ 

•p1 

0 

X 


2 Q 


-p 

c 

o 

£ 


p 

<u 

ft 

E 

s 


p 

d 

a> 

PS 


p 

<U 

ft 

B 


P 

P 

0 

ft 

ft 

P 

CO 

p 

d 

a> 

os 

a) 

c 

•H 

tp 


a) 

B 

ui 

to 

o 

p 

u 


S £ S 


a) 

c 

fa 

p 

c 

<D 

E 

P 

P 

P 

tn 

£ 


o 


d3 

0) 

P 

it! 

■S 

P 

U) 

W 

* 


5 - 20 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  SIZE  REDUCTION 


■P 


•p 

P 

W 

ft 

Eh 


ft  O 
ft  H 
H ft 


03 


ft 

ft 

ft 

03 

CO 

t" 

CO 

(P 

o 

CP 

CN 

<p 

S 

o 

o 

m 

rH 

rH 

rH 

rH 

o 

CN 

rH 

O 

ft 

e _ 

CQ 

s 

m 

rH 

CN 

rH 

o 

•*r 

rH 

CO 

rH 

• 

• 

• 

• 

• 

« 

« 

• 

• 

• 

1 

<p 

rH 

U3 

o 

00 

r- 

ID 

ID 

CN 

o 

CN 

CN 

r- 

Hf 

pH 

CN 

rH 

rH 

m 

LD 

Eh 

ft 

ft 

CQ 

£ 

* 

* 

* 

Q 

CN 

o 

ID 

o 

o 

t" 

Hd* 

o 

o 

o 

ffl 

• 

• 

e 

• 

• 

• 

• 

• 

• 

• 

c 

o 

CN 

CP 

CN 

o 

00 

LD 

v£> 

ID 

CN 

m 

CN 

HT 

00 

CN 

rH 

rH 

m 

ID 

rH 

T 

00 

« 

• 

• 

ID 

VD 

CN 

KD 

o 

<P 

• 

• 

ID 

rr 

nr 

"T 

H 

B 


H 


s 

CM 


CP 

CP 

CP 

CP 

CP 

c 

c 

c 

C 

C 

«P 

-rH 

•p 

■P 

■P 

ft 

ft 

ft 

ft 

ft 

e 

£ 

E 

E 

E 

co 

(0 

C0 

(0 

■p 

■p 

•P 

■P 

■P 

03 

03 

03 

03 

03 

CP 

c 


0) 

CD 

CD 

CD 

ft 

CD 

CD 

CD 

CO 

E 

CO 

CO 

a 

CO 

(0 

rH 

rH 

i — t 

i — 1 

■p 

u 

u 

o 

U 

C/3 

w 


o 

OS 

ft 


z 

o 

H 

Eh 

O 

D 

O 

§ 


o 

in 


CP 

c 

•p 

ft 

e 

« 

■P 

in 


CP 

c 

-H 

e 

<o 

-p 

03 


o 

m 

z 

m 

rH 

LD 

w 

ID 

• 

• 

ft 

• 

• 

ID 

ID 

LD 

LD 

— VO 

£ 

£ 


•C 

CD 

s 


*~N 

CN 

„ — . 

CN 

CN 

' 

CN 

' — ' 

' 

— * 

? 

g 

rH 

TO 

0 

CQ 

0 

a/ 

a> 

rH 

T3 

0) 

DO 

-o 

c 

a/ 

r-v 

a/ 

C 

CO 

c 

■p 

so 

-p 

CN 

■H 

•P 

rH 

*p 

r — ' 

03 

10 

X 

Z 

o 

z 

CN 

CP 

CD 

- — ’ 

rH 

a) 

rH 

P 

"0 

P 

H 

<0 

? 

TS 

-H 

O 

c 

AS 

0 

•a 

0 

*H 

(C 

Q 

-H 

qj 

Q 

*H 

Q) 

u 

Q 

s 

os 

Q 

03 

*0 

r* 

0) 

ft 


(-1 

<D 

'O 

C 

0) 

ft 


ft 

rt 

s 

E" 


TO 

O 

o 

a: 


*0 

d) 

-P 

03 

e 

•H 

-p 

CD 

w 


5 - 21 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  REDESIGN 


C 

c 

c 

C 

ID 

0 

0 

0 

0 

C 

•H 

■p 

•p 

•H 

0 

4-) 

P 

4-S 

4-S 

•p 

ICS 

ID 

CD 

CO 

4-S 

nO 

nO 

no 

nO 

ID 

C 

c 

C 

C 

c 

as 

<D 

CD 

CD 

CD 

p 

u 

g 

g 

g 

g 

ID 

•H 

g 

g 

4-S 

V 

0 

§ 

0 

C 

u 

>* 

U 

O 

O 

o 

H 

3 

0H 

CD 

CD 

3 

as 

JM 

H 

PS 

OS 

PS 

PS 

ip 

£ 

ip 

H 

CO 

CO 

CO 

CO 

<D 

p 

E-t 

CO 

CO 

CO 

CO 

3 

3 

D 

P 

■p 

p 

P 

-p 

p 

P 

4-> 

4J 

CD 

CD 

CD 

CD 

X 

U 

p 

p 

p 

P 

p 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

c 

O 

c 

c 

c 

c 

c 

<D 

3 

0) 

0) 

3 

3 

0) 

CD 

CD 

ps 

X 

0 

P 

3 

3 

3 

3 

3 

p 

p 

p 

p 

P 

p 

p 

P 

P 

o 

o 

u 

u 

PS 

as 

P 

P 

P 

P 

P 

p 

P 

p 

p 

P 

p 

p 

P 

P 

•H 

•H 

•p 

•H 

O' 

P 

P 

P 

P 

P 

H 

04 

< 

H 

8 

3 

3 

3 

3 

3 

3 

3 

3 

6 

£ 

s 

p 

1 

c 

CD 

3 

3 

3 

3 

3 

X 

IS 

Cd 

c 

CO 

Eh 

dP 

dP 

dP 

dP 

dP 

dP 

dP 

dP 

dP 

X 

X 

X 

X 

O' 

CO 

dP 

<*> 

dP 

dP 

dP 

F 

LO 

LD 

in 

in 

O 

O 

O 

O 

O 

p 

p 

p 

p 

•p 

<p 

O 

o 

O 

O 

in 

H 

r- 

r- 

x 

x 

10 

CO 

CO 

CD 

vO 

P 

P 

P 

4-S 

CO 

Ph 

VO 

VO 

VO 

VO 

X 

PS 

CO 

CO 

CO 

CO 

3 

U 

i 

i 

i 

i 

1 

1 

1 

1 

1 

3 

3 

3 

3 

p 

1 

1 

1 

1 

1 

1 

no 

no 

|3 

TS 

w 

in 

in 

U) 

CO 

CO 

CO 

CO 

CO 

C 

C 

C 

C 

CD 

3 

CO 

CO 

CO 

CO 

CO 

(/] 

cn 

cn 

CO 

CO 

CO 

CO 

CO 

CO 

H 

M 

IP 

H 

t“H 

4-1 

CO 

CO 

CO 

CO 

CO 

0) 

0) 

3 

3 

0) 

0) 

CD 

CD 

ID 

A 

3 

3 

3 

3 

3 

3 

c 

c 

C 

c 

c 

c 

c 

c 

C 

P 

4-S 

4-S 

4-S 

3 

C 

C 

c 

c 

C 

C 

4h 

4-1 

ip 

ip 

ip 

ip 

<p 

ip 

IP 

CO 

CO 

CO 

CO 

U 

•H 

<P 

ip 

ip 

ip 

IP 

4H 

4-1 

ip 

>p 

ip 

ip 

ip 

Ip 

IP 

CD 

CD 

<D 

CD 

g 

IP 

Ip 

Ip 

»P 

IP 

•H 

•H 

■p 

•H 

"p 

•p 

*p 

•rH 

■P 

P 

P 

4-1 

4-S 

3 

•H 

•rH 

•p 

•H 

•P 

•H 

4J 

-p 

P 

-p 

p 

P 

p 

■p 

P 

ID 

ID 

ID 

15 

aj 

r— 1 

p 

p 

p 

P 

p 

LO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

i4 

►J 

pi 

J 

2 

w 

CO 

CO 

CO 

CO 

CO 

e» 

2 

M 

ro 

vO 

CN 

CO 

CN 

HT 

CN 

CN 

vO 

in 

CN 

ro 

CO 

o 

o 

in 

X 

vO 

On 

CO 

> 

• 

< 

in 

CN 

CO 

CN 

X 

VO 

vO 

vO 

o 

in 

vO 

rH 

in 

ro 

o 

■VP 

CN 

o 

<3* 

rH 

CO 

rH 

rH 

rH 

a 

w 

• 

CO 

CO 

CQ 

o 

P4 

CN 

CD 

cn 

in 

vO 

CD 

CO 

CO 

in 

CD 

in 

rH 

o 

CD 

on 

rH 

in 

ro 

iJ 

O 

OS 

Cn 

in 

vD 

CN 

CO 

ro 

CN 

CN 

ro 

rH 

rH 

rH 

o 

in 

i 

ro 

ro 

ro 

LD 

ro 

in 

CM 

00 

CN 

ro 

ro 

ro 

ro 

CN 

rH 

CM 

rH 

CN 

rH 

CN 

rH 

Eh 

SB 

a 

m 

rH 

w 

3 

i 

in 

•S' 

rH 

ro 

CO 

CN 

o 

o 

o 

o 

o 

CO 

o 

o 

ro 

vO 

X 

VO 

§ 

o 

(T> 

rH 

i-H 

o 

on 

(3 

X 

CO 

CN 

in 

CO 

o 

CO 

VO 

ro 

o 

X 

CN 

av 

ro 

ro 

ro 

CN 

rH 

ro 

rH 

rH 

CN 

rH 

ro 

rH 

u 

rH 

CO 

CO 

H 

CT> 

cn 

cn 

cn 

CP 

CP 

CP 

CP 

CP 

On 

On 

On 

O' 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

C 

c 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

« 

CD 

CD 

CD 

Qi 

CD 

Oh 

CD 

Oh 

CD 

cn 

cn 

cn 

03 

• 

• 

CD 

Oh 

& 

0h 

& 

g 

g 

g 

g 

g 

g 

g 

g 

g 

in 

cn 

cn 

03 

X 

X 

g 

g 

g 

g 

g 

a. 

ro 

03 

rn 

03 

3 

3 

03 

3 

03 

3 

3 

m 

cn 

cn 

3 

3 

3 

3 

3 

Jj 

jj 

-p 

V 

-p 

P 

P 

p 

P 

rH 

rH 

rH 

rH 

03 

03 

P 

P 

P 

P 

P 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

O 

a- 

a 

e> 

<c 

< 

CO 

CO 

CO 

CO 

CO 

fv;  CN  ro  ^ IT) 

...  • • 

ip  in  in  in  in 


CM 


co 


o 

CD 

§ 

o 

o 


p-x 

P—N 

CN 

CN 

CN 

CN 

w 

*w' 

Jh 

u 

u 

P 

0) 

a) 

<d 

(D 

c 

s 

-p 

3 

3 

-p 

3 

C 

fi 

P 

1 

i 

3 

i 

i 

p 

CP 

.c 

0 

3 

3 

rH 

p 

p 

cn 

O 

TO 

no 

•H 

o 

0 

3 

rH 

•H 

•H 

03 

0 

0 

Q 

IP 

CO 

CO 

Eh 

D 

Q 

0) 

c 

3 

Ph 


p 

c 

> 


3 

o 

u 


5 - 22 


p 

X 

0 

cn 

p 

cn 

3 

rfl 

rH 

^■x 

P-v 

O 

p 

rH 

CN 

CN 

On 

c 

3 

N— ^ 

3 

3 

C 

OS 

> 

3 

s 

3 

3 

PD 

TO 

o 

O 

0 

cn 

cn 

rH 

no 

no 

no 

cn 

cn 

P 

p 

P 

3 

c 

C 

c 

3 

3 

3 

3 

3 

•H 

•H 

•H 

•H 

rH 

r— 1 

P 

G 

3 

x 

2 

2 

2 

u 

u 

3 

Q 

cn 

O 

H 

P 

no 

P 

3 

P 

p 

p 

C 

O 

no 

3 

0 

0 

1 

1 

3 

•H 

O 

•H 

as 

O 

O 

i — 1 

2 

Q 

CO 

OS 

a 

Q 

no 

no 

i— 1 

0 O -H 

X K 3 


- — ' 

r-x 

CM 

CN 

’ — ' 

w 

P 

P 

3 

<u 

P 

c 

3 

c 

O 

H 

I I 


P P 


3 

3 

no 

no 

c 

c 

3 

3 

Cli 

pH 

p 

P 

c 

G 

0 

O 

p 

P 

pH 

Cm 

c 

0 

•H 

p 

o 

3 

n0 

Oh 


Q) 

N 

•H 

c n 


s 

a 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  REDESIGN 


<w 

o 


cn 

i 

in 

a 

CQ 


44 

44 

44 

44 

44 

44 

P 

P 

P 

P 

P 

p 

p 

3 

c 

C 

c 

c 

C 

3 

CQ 

CQ 

3 

c 

c 

3 

C 

C 

c 

c 

3 

0 

3 

3 

3 

3 

3 

3 

03 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

•H 

P 

P 

P 

P 

P 

P 

3 

3 

3 

P 

P 

3 

P 

P 

P 

P 

P 

p 

P 

P 

P 

P 

P 

P 

C 

C 

C 

P 

P 

C 

P 

P 

P 

P 

P 

TO 

3 

3 

3 

3 

3 

3 

<P 

<p 

<P 

3 

3 

44 

3 

3 

3 

3 

3 

*0 

o 

0 

0 

o 

0 

0 

4-1 

<P 

<p 

3 

0 

o 

44 

0 

0 

G 

0 

0 

3 

3 

•H 

•H 

U 

•H 

O 

3 

dP 

dP 

dP 

dP 

dP 

dP 

4J 

p 

P 

c 

dP 

dP 

p 

dP 

<#> 

dP 

dP 

dP 

3 

g 

>, 

O 

O 

O 

in 

O 

o 

CQ 

CQ 

CQ 

TO 

O 

O 

CQ 

O 

O 

in 

in 

in 

TO 

£ 

4J 

vO 

vO 

CD 

r- 

vO 

VO 

P 

vO 

VO 

vO 

vO 

r- 

i" 

P 

0 

T3 

T3 

<3 

3 

T3 

3 

o 

1 

1 

| 

i 

1 

1 

C 

C 

C 

cH 

1 

1 

c 

| 

1 

l 

i 

i 

•H 

e 

TO 

TO 

TO 

3 

TO 

3 

JJ 

c n 

03 

03 

cn 

03 

03 

3 

3 

3 

3 

3 

3 

3 

3 

£ 

33 

03 

to 

CO 

CQ 

03 

03 

fa 

fa 

fa 

X 

3 

3 

fa 

3 

3 

3 

3 

3 

(X 

>1 

3 

3 

3 

3 

3 

3 

P 

P 

P 

3 

3 

P 

3 

3 

3 

3 

3 

p 

U 

C 

c 

C 

C 

C 

c 

Cn 

cn 

cn 

P 

C 

C 

cn 

C 

C 

C 

C 

C 

p 

p 

U-i 

<44 

<P 

<P 

<P 

<p 

C 

c 

c 

O 

<P 

4H 

c 

44 

44 

44 

4a 

4a 

u 

U3 

<4-1 

MH 

4H 

<P 

<P 

<p 

3 

3 

3 

TO 

44 

44 

3 

44 

44 

44 

44 

44 

TO 

3 

•pa 

•H 

•H 

•H 

p 

P 

P 

CU 

•H 

•H 

p 

•H 

•H 

•H 

•H 

•H 

& 

<o 

* 

g 

44 

44 

44 

44 

44 

44 

p 

P 

P 

E 

p 

p 

p 

p 

p 

p 

p 

p 

g 

3 

cn 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

H 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

C/3 

H 

H 

CH 

w 

H 

a 

P 

< 

Eh 

M j 

e 

E 

E 

B 

E 

B 

E 

E 

E 

E 

B 

E 

E 

g 

g 

g 

M 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

EH 

w 

c 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

5 

3 

CQ 

IH 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

ca 

< 

E 

E 

E 

E 

E 

< 

PC 

PC 

E 

E 

E 

pc 

£ 

E 

E 

£ 

g 

g 

g 

D 

s 

3 

3 

3 

3 

3 

3 

fa 

fa 

fa 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

CQ 

CQ 

CQ 

CQ 

rH 

pH 

rH 

CQ 

rH 

rH 

rH 

rH 

rH 

rH 

pH 

s 

< 

< 

< 

< 

PC 

PC 

X 

X 

X 

pC 

pC 

< 

X 

PC 

< 

PC 

pC 

< 

< 

< 

o 

H 

u 

tf  z 

z 

<3* 

P? 

CO 

03 

pH 

CQ 

CN 

CQ 

r> 

o 

CQ 

ID 

in 

rH 

in 

03 

CQ 

VO 

in 

o 

D O 

> 

CN 

CN 

in 

VO 

CQ 

CN 

CQ 

CQ 

rH 

CN 

VO 

03 

rH 

CN 

O' 

r- 

rH 

rH 

o 

r~ 

c 

CN 

CN 

CN 

rH 

CN 

rH 

pH 

pH 

<N 

rH 

f>  ^ 

CQ 

fa  Eh 

H 

Q 

s 

fa 

O cn 
H ffl 

CQ 

CQ 

O 

vO 

CO 

o 

■3* 

rH 

i" 

rH 

r-~ 

vO 

o 

o 

pH 

in 

VO 

03 

r- 

CN 

pT 

in 

o 

D 

CQ 

CU 

CD 

kD 

O' 

r- 

rH 

CO 

CO 

03 

CN 

CN 

r~ 

ro 

rH 

CN 

vO 

ro 

rH 

o 

r~ 

U CQ 

fa 

o 

rH 

i — i 

rH 

rH 

rH 

rH 

pH 

pH 

rH 

*w 

X 

Q fa 

CU 

9 < 

Eh 

Pp  w 

X 

« 

CO 

Eh  fa 

JH 

TS. 

EC  &4 

o «; 

1 

Eh 

* 

* 

* 

M s 

z 

o 

o 

00 

CQ 

CN 

o 

CQ 

o 

CQ 

o 

CQ 

vO 

o 

r* 

vO 

in 

o 

o 

o 

§ x 

§ 

cr* 

o> 

rH 

o 

pH 

CN 

rH 

ro 

VO 

, o 

CQ 

o 

■cr 

o< 

CQ 

rH 

CQ 

2 

cq 

CQ 

PT 

m 

rr 

CN 

CN 

rH 

CN 

CN 

rH 

rH 

CQ 

rH 

CQ 

CN 

rH 

1 

z 

C3 

C ) 

fa  H 

a > 
o < 

cn 

CP 

cn 

cn 

cn 

cn 

Cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

z 

cn 

cn 

tn 

O' 

03 

Z 

H CQ 

cn 

c 

C 

3 

C 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

e 

c 

C 

3 

c 

£ 

X 

fa 

•H 

•H 

-H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

fa  a 

CJ 

cu 

CU 

cu 

cu 

cu 

cu 

cu 

cu 

cu 

cu 

cu 

cu 

cu 

& 

cu 

04 

cu 

& 

04 

& 

> < 

O 

E 

E 

E 

E 

B 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

£ 

£ 

£ 

E 

£ 

H 

X 

03 

03 

03 

TO 

TO 

fC 

TO 

03 

TO 

TO 

TO 

TO 

TO 

<TJ 

03 

03 

03 

03 

05 

03 

>•  E-) 

X 

JL) 

44 

44 

44 

44 

p 

P 

p 

P 

P 

P 

P 

P 

p 

p 

p 

p 

p 

-p 

4-) 

E4  g 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

C/3 

in 

C/3 

C/3 

C/3 

D 

Q 

SB 

O 

M 

fa 


n 

t — i 

m 


CQ 

•sr 

in 

PT 

in 

• 

• 

• 

• 

• 

in 

in 

in 

in 

in 

CN  CN 


CN 

CN 

CN 

CN 

P 

P 

P 

P 

3 

3 

3 

3 

P 

3 

P 

3 

3 

3 

3 

3 

O 

H 

O 

H 

i 


i 


>1 

X 

s 


P P 
0 0 

s s 


3 

r0 


CQ 


3 

T3 

•H 

cq 


0) 

p 

ns 

O' 

rH 

•H 

£ 


4) 

3 

<p 

fa 

P 

3 

£ 


3 

O 

U 


3 

T3 


3 

O 

u 


3 

<0 


cq 


p 

(0 

£ 


o 

cn 

3 

O 

X 

i — ! 

3 

0) 


CQ  CQ 


P 

3 

P 

3 


TS 

o 

o 

X 


p 

<D 

3 

fi 


'O 

o 

£ 


4-> 

3 

X 

u 

TO 

P 

CQ 

3 

tn 

s 

•H 

EC 

T3 

O 

O 

EC 


<D 

C 

(0 

cu 

p 

3 

3 

a 


$ 


p 

3 

4-> 

3 


p 

<d 

T3 

c 

<D 

fa 

4J 

3 

0 

& 


p 

<u 

X 

3 

3 

fa 

44 

c 

o 


44 

P 

O 

CU 

cu 

3 

CQ 

P 

O 

44 

to 


>i 

£ 

>i 

p 

3 

44 

44 


TO3 

2 £ 


3 

CQ 

3 

0 

fa 

pH 

3 

3 


P 

O 

44 

TO 

•H 

XI 

£ 


5 - 24 


c 

o 

•p 

44 

U 

3 

T3 

£ 

3 TO 
N 3 
•P  44 
CO  TO 
E 

03  -P 
03  44 


a £ 

* 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
POTENTIAL  SAVING  BY  MATERIAL  SUBSTITUTION 
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TABLE  5-10  (1  of  3) 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
SUMMARY  - POTENTIAL  SAVING 


TYPE  Pickup 


COMPONENT  AREA 

POTENTIAL  WEIGHT 

SAVINGS  (Lbs) 

REDUCED 

SIZE 

REDESIGN 

MATERIAL 

SUBSTITUTION 

TOTAL 

Cab 

18.0 

25.0 

8.0 

50.4 

Cab  Door  (2) 

2.8 

31.6 

44.8 

66 . 8 

Hood 

10.1 

7.2 

27.3 

37.4 

Radiator  Support 

0.5 

3.6 

21.3 

21.8 

Grill  Lower  Panel 

0.3 

0.6 

2.1 

2.4 

Fender  (2) 

7.0 

6.2 

37.5 

44.5 

Cargo  Box 

12.0 

28.4 

162.3 

174.3 

Radiator 

- 

- 

7.0 

7.0 

Heater  Core 

- 

- 

3.0 

3.0 

Seat  Frame 

5.0 

- 

5.0 

10.0 

Grill,  Instrument  Panel,  Etc. 

3.5 

- 

- 

3.5 

Frame 

5.8 

37.0 

27.0 

69.8 

Front  Suspension 

- 

- 

4.9 

4.9 

Rear  Suspension 

- 

21.0 

2.0 

23.0 

Steering  Gear 

- 

- 

2.0 

2.0 

Brake  Master  Cylinder 

- 

- 

8.0 

8.0 

Road  Wheel  (5 ) 

- 

- 

27.0 

27.0 

Fuel  Tank 

- 

- 

10.5 

10.5 

Bumper 

1.7 

2.0 

13.2 

16.9 

Miscellaneous  Chassis  Parts 

2.9 

2.9 

66.7 

i 

162.6 

415.8 

586.1 
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TABLE  5-10  (2  of  3) 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
SUMMARY  - POTENTIAL  SAVING 


TYPE  Van 


POTENTIAL  WEIGHT 

SAVINGS  (Lbs) 

COMPONENT  AREA 

REDUCED 

SIZE 

REDESIGN 

MATERIAL 

SUBSTITUTION 

TOTAL 

Body 

- 

74.2 

56.2 

129.8 

Body  Doors 

- 

Front  (2 ) 

- 

30.9 

44.8 

63.3 

Side  (2) 

- 

10.0 

32.8 

32.8 

Rear  (2 ) 

- 

8.0 

28.8 

28.8 

Hood 

- 

2.8 

10.1 

10.1 

Radiator 

- 

- 

7.0 

7.0 

Heater  Core 

- 

- 

3.0 

3.0 

Seat  Frame 

- 

1.5 

9.8 

9.8 

Grill,  Instrument  Panel,  Etc. 

- 

- 

- 

- 

Front  Suspension  Crossmember 

- 

3.6 

- 

3.6 

Front  Suspension 

- 

- 

4.9 

4.9 

Rear  Suspension 

- 

17.3 

2.2 

19.5 

Brake  Master  Cylinder 

- 

- 

8.0 

8.0 

Road  Wheel  (5) 

- 

- 

27.0 

27.0 

Fuel  Tank 

- 

- 

11.1 

11.1 

Front  Bumper 

- 

2.0 

14.4 

15.1 

Rear  Bumper 

- 

2.0 

11.2 

12.6 

Miscellaneous  Chassis  Parts 

0.5 

4.0 

4.5 

152.8 

275.3 

390.9 

5 - 27 
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TABLE  5-10  (3  of  3) 


LIGHT  DUTY  VEHICLES  - WEIGHT  REDUCTION  EVALUATION 
SUMMARY  - POTENTIAL  SAVING 


TYPE  Utility 


POTENTIAL  WEIGHT  SAVINGS  (Lbs) 

REDUCED 

MATERIAL 

COMPONENT  AREA 

SIZE 

REDESIGN 

SUBSTITUTION 

TOTAL 

Body 

23.3 

53.5 

65.2 

131.4 

Door  (2) 

2.8 

31.6 

44.8 

66 . 8 

Tailgate 

6.4 

11.7 

23.1 

34.8 

Hood 

10.1 

7.2 

27.3 

37.4 

Radiator  Support 

0.5 

3.6 

21.3 

21.8 

Grill  Lower  Panel 

0.3 

0.6 

2.1 

2.4 

Fender  (2 ) 

7.0 

6.2 

37.5 

44.5 

Radiator 

- 

- 

7.0 

7.0 

Heater  Core 

- 

- 

3.0 

3.0 

Seat  Frame  (2 ) 

- 

- 

6.0 

6.0 

Grill,  Instrument  Panel,  Etc. 

3.5 

- 

- 

3.5 

Frame 

5.8 

32.0 

23.0 

60.8 

Front  Suspension 

- 

22.5 

- 

22.5 

Rear  Suspension 

- 

24.0 

2.0 

26.0 

Steering  Gear 

- 

- 

2.0 

2.0 

Brake  Master  Cylinder 

- 

- 

8.0 

8.0 

Road  Wheel  (5) 

- 

- 

27.0 

27.0 

Fuel  Tank 

- 

- 

12.0 

12.0 

Front  Bumper 

1.7 

2.0 

13.2 

16.9 

Rear  Bumper 

1.4 

2.0 

10.6 

14.0 

Miscellaneous  Chassis  Parts 

- 

- 

2.9 

2.9 

62.8 

196.9 

338.0 

550.7 
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• A-Pillar 
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FIGURE  5-1  PICKUP  CAB 
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FIGURE  5-3  PICKUP  HOOD 
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PICKUP  FRONT  WHEELHOUSE 
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FIGURE  5-5  PICKUP  FRONT  WHEELHOUSE  AND  FRONT  FENDER 
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FIGURE  5-6  PICKUP  CARGO  BOX 
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FIGURE  5-7  PICKUP  FRAME 
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FIGURE  5-9  MANUAL  STEERING  GEAR  AND  BRAKE  MASTER  CYLINDER 
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FIGURE  5-10  VAN  BODY 


VAN  HOOD 
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FIGURE  5-11  VAN  HOOD  AND  FRONT  SUSPENSION  CROSS  MEMBER 


VAN  SEAT 
platform 


figure  5-12  PICKUP  SEAT,  VAN  SEAT  AND 
SEAT  PLATFORM 
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RR  WINDOW  CLASS 
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FIGURE  5-13  UTILITY  BODY 
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FIGURE  5-14  UTILITY  FOUR-WHEEL  DRIVE  - FRONT  SUSPENSION  AND  DRIVING  AXLE 


Note  that  the  pickup  model  selected  for  Curb  Weight  and  GVWR  is  not  the 
lightest  but  is  the  lightest  8-foot  cargo  box  model.  This  model  is  condisered  more 
representative  because  of  much  higher  volume  than  the  6-foot  model.  As  established 
in  Section  4.2,  Load  Capacity  will  be  maintained  at  current  levels  so  GVWR  is  reduced 
by  a similar  amount  as  Curb  Weight. 

5.6  POWER  DEPENDENT  WEIGHT  REDUCTION 

On  the  basis  of  the  ground  rule  established  in  Section  4.5,  light  duty  models  at 
the  reduced  weight  levels  established  in  Section  5.5  will  be  provided  performance  levels 
equivalent  to  the  minimum  level  of  current  production  vehicles.  As  developed  in 
Section  4.5,  a performance  level  of  0.023,  as  indicated  by  the  HP/GVWR  ratio,  will 
be  maintained: 

HP/GVWR  = PFa 
HP/4400  = 0.023 
HP  = 0.023  X 4400 
= 101.2 

Because  of  tolerances  involved  in  estimates  of  this  type  a round  number  of  100 
H.P.  will  be  used. 

A ratio  of  1.7  CID/HP  was  selected  for  the  reduced  HP  Engine.  This  represents 
a substantial  improvement  over  some  contemporary  engines  but  not  down  to  the  ratio 
of  some  small  high-speed  4-cyl.  engines  which  is  not  considered  practical.  Repre- 
sentative current  values  are  shown  in  Table  5-11. 

At  the  ratio  of  1.7  the  new  engine  would  require: 

1.7  X 100  = 170  CID 

A specific  weight  of  2.8  lbs./CID  was  selected  based  on  the  weights  of  the 
following  two  engines: 

Plymouth  6 (1960)  170  CID  3.0  lbs./CID 

Dodge  Omni  4 (1978)  100  CID  2.7  lbs./CID 

The  value  of  2.8  was  selected  as  an  anticipated  saving  as  compared  to  the  1960 
6-cylinder,  but  slightly  higher  than  the  current  4-cylinder  because  of  the  difference  in 
engine  configuration. 
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TABLE  5-11 


CURRENT 

DISPLACEMENT/HORSEPOWER 

RATIOS 

DISP.  (CID) 

H.  P. 

CID/HP 

CHEVROLET 

6 

250 

115 

2.  17 

6 

292 

120 

2.  43 

V-8 

305 

145 

2. 10 

V-6 

196 

90 

2. 18 

CHEVETTE 

4 

97.  6 

82 

1.  56 

DODGE 

6 

225 

115 

1.96 

V-8 

318 

145 

2.19 

OMNI 

4 

104.  7 

75 

1.40 

FORD 

6 

300 

120 

2.  50 

V-8 

302 

136 

2.  22 

V-6 

170.  8 

90 

1.  90 

4 

140 

88 

1.  59 

PONTLA.C 

4 

151 

85 

1.  78 

VOLKSWAGEN 

4 

88.  9 

81 

1.  27 
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The  specific  weight  of  2.8  lbs./CID,  the  new  engine  would  weigh: 

2.8  X 170  = 476  lbs. 

Comparing  the  new  engine  estimate  to  the  current  minimum  weight  engine  (586 
pounds)  gives  a potential  weight  reduction  of: 

586  - 476  = 110  lbs. 

The  new  specific  weight  includes  most  new  design  and  material  savings  such  as 
overhead  cam  and  aluminum  cylinder  head  and  intake  manifold.  However,  the  following 


additional  savings  appear  feasible: 

Aluminum  Cylinder  Head  Cover  1.7  lbs. 

Aluminum  Air  Cleaner  Body  2.3  lbs. 

Stainless  Steel  Exhaust  Manifold  12.0  lbs. 


TOTAL  16  lbs. 

Total  engine  weight  saving  then  is: 

Reduced  Displacement  and  Design 

Changes  110  lbs. 

Material  Substitution  16  lbs. 

TOTAL  126  lbs. 


Since  the  engine  and  driveline  on  light  duty  trucks  (at  the  lowest  GVWR  used 
for  this  analysis)  are  common  with  passenger  cars,  the  formula  developed  by  the 
Transportation  Systems  Center,  D.O.T.*  for  the  relationship  of  power  dependent  weight 
to  engine  CID  can  be  employed.  This  formula  is: 

Power  Dependent  Weight  (Pounds)  = 311  + 1.92  (CID) 

As  a check  on  the  validity  of  the  formula  for  this  application,  the  actual 
component  weights  of  the  pickup  subjected  to  weight  analysis  were  substituted  per  the 
development  of  the  formula.  The  result  gave  a Power  Dependent  Weight  of: 


Engine  (586  pounds  less  Clutch)  566  lbs. 

50%  Trans  & Clutch  54 

Cooling  41 

50%  Exhaust  19 

20%  Axle  38 


♦Included  in  the  Report  of  the  Automotive  Design  Analysis  Panel  of  the  Task  Force 
on  Motor  Vehicle  Goals  beyond  1980. 
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80%  Fuel 

50%  Battery  & Alternator 


110 

25 


853  lbs. 

Using  the  power  dependent  weight  formula,  the  value  is: 

311  + 1.92  X 250  = 791  lbs. 

where:  250  = CID  of  current  586  pound  engine. 

This  indicates  an  accuracy  within  the  generally  accepted  estimating  tolerance 
of  10  percent.  The  indicated  saving  is: 

791  - (311  + 1.92  X 170)  = 154  lbs. 

Since  an  engine  saving  of  126  lbs.  had  been  previously  established,  the  formula 
result  was  modified  by  the  percent  of  engine  weight  in  the  analysis,  or  566/853  = 66 
percent.  Removing  66  percent  of  the  previous  formula  value: 

154  - (0.66  X 154)  = 54  lbs. 

left  a saving  of  54  lbs.  for  the  non-engine  components.  The  final  power  Dependent 
Saving,  then,  is: 

126  + 54  = 180  lbs. 

The  same  value  will  be  used  for  all  types  since  the  difference  in  actual  weight 
is  only  for  the  axle  and  the  magnitude  of  -6  lbs.  for  the  Van  and  +10  for  the  Utility 
is  not  considered  significant.  The  Utility  value  does  need  to  be  modified  for  an 
anticipated  saving  in  the  4-wheel  drive  transfer  case  of  110  lbs.  A value  of  this 
magnitude  was  indicated  by  New  Process  Gear  and  represents  an  anticipated  difference 
in  weight  between  their  current  production  design  and  a new  design  now  under 
development.  The  nev;  design  incorporates  an  aluminum  housing  as  well  as  other  weight 
conscious  design  features. 

No  additional  weight  saving  by  use  of  an  aluminum  transmission  case  is  included 
because  it  is  anticipated  that  a 4-speed  transmission  will  become  standard  on  these 
models  in  order  to  optimize  performance  and  economy.  The  4-speed  with  an  aluminum 
case  should  weigh  about  the  same  as  the  current  3-speed.  While  aluminum  axle  housings 
have  been  proposed,  the  information  to  date  does  not  indicate  this  feature  for  1982-5. 
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Hence  no  further  weight  reduction  is  shown  for  the  axle. 

The  resultant  Power  Dependent  Weight  reduction  is  therefore: 


WEIGHT  REDUCTION  - 

POWER 

DEPENDENT 

WEIGHT 

PICKUP 

VAN 

UTILITY 

Engine 

126  lbs. 

126  lbs. 

126  lbs. 

Other  power  dependent 

Components 

54 

54 

54 

4-Wheel  Drive 

Com  ponents 

— 

— 

110 

TOTAL 

180 

180 

290 

A summation  of  Product  and  Power  Dependent  Weight 

Reduction  indicates  a 

total  of: 

PICKUP 

VAN 

UTILITY 

Product  Dependent 

586  lbs. 

391  lbs. 

551  lbs. 

Power  Dependent 

180  lbs. 

180  lbs. 

290  lbs. 

TOTAL 

766  lbs. 

571  lbs. 

841  lbs. 

5.7  WEIGHT  DEPENDENT  WEIGHT  REDUCTION 

Weight  reductions  of  the  magnitude  indicated  above 

will  obviously  have  a 

significant  effect  on  the  load  carrying 

components  of  the  vehicle  chassis.  Since  the 

weight  dependent  components  of  the  vehicles  being  analyzed  are 

similar  in  design  (many 

interchangeable)  to  passenger  cars,  the  formula  developed  by  TSC*  should  be  applicable 
as  was  established  for  the  power  dependent  fromula.  This  formula  is: 

Weight  Dependent  Weight  (pounds) 

= -41  + 0.167  (GVW) 

which  gives  a reduction  of: 


♦Included  in  the  Report  of  the  Automotive  Design  Analysis  Panel  of  the  Task 
Force  on  Motor  Vehicle  Goals  beyond  1980. 
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PICKUP 

W (current)  = -41  + 0.167  X 5000  = 794.0  lbs. 
W (proposed)  = -41  + 0.167  X 4240  = 667.1  lbs. 

Saving  = 126.9  lbs. 

VAN 

W (current)  = -41  + 0.167  X 4600  = 727.2  lbs. 
W (proposed)  = -41  + 0.167  X 4030  = 632.1  lbs. 


Saving  = 95.1  lbs. 

UTILITY 

W (current)  = -41  + 0.167  X 6100  = 977.7  lbs. 
W (proposed)  = -41  + 0.167  X 5260  = 837.4  lbs. 


Saving  = 140.3  lbs. 

Based  on  previous  experience  these  amounts  appear  high.  Therefore,  an  analysis 
was  made  of  the  reverse  propagation  when  minimum  GVWR  models  are  modified  for 
higher  load  capacity.  Since  the  heavier  GVWR  models  use  nonautomotive  components, 
only  the  "light"  models  retaining  automotive  type  components  were  used.  The  average 
for  the  big  three  is  8.25  lbs.  load-dependent  weight  increase  per  100  lb.  increase  in 
GVIVR.  This  is  almost  exactly  half  the  amount  calculated  by  formula.  It  was  decided 
that  a value  midway  between  the  two  methods  should  be  used.  This  gave: 

Weight  Dependent  Weight  Reduction  - lbs. 


Pickup 

95 

Van 

71 

Utility 

107 

5.8  SUMMARY  - PRODUCT,  POWER  AND  WEIGHT  DEPENDENT  WEIGHT  REDUCTION 

Based  on  the  foregoing  results,  a summation  of  the  total  weight  reduction 
potential  that  results  from  Product,  Power  and  Weight  Dependent  components  is  shown 
below.  Since  the  summation  applies  to  the  Curb  Weight  of  the  vehicles,  by  previous 
definition  it  produces  an  equal  reduction  in  the  GVW  of  the  vehicles. 
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WEIGHT  REDUCTION  POTENTIAL  SUMMARY  - LBS. 


PICKUP 

VAN 

UTILITY 

Product  Dependent  Weight 

586 

391 

551 

Power  Dependent  Weight 

180 

180 

290 

Weight  Dependent  Weight 

95 

71 

107 

TOTAL 

861 

642 

948 

GVWR 

4140 

3960 

5150 

5.9  PROPAGATION  EFFECTS 

Since  the  net  reduction  in  GVWR  is  substantially  higher  than  that  used  for  the 
original  determination  of  horsepower  required  to  maintain  performance  levels,  a redeter- 
mination is  indicated. 

Proposal  (2)  HP(2)/4140  = 0.023 

HP  (2)  = 0.023  X 4140 
= 95.2 

The  second  phase  engine  would  then  be: 

1.7  X 95  = 161.5  CID 

and  the  second  phase  engine  weight  would  be: 

2.8  X 161.5  = 452  lbs. 

with  a total  engine  weight  reduction  potential  of: 

586  - 452  = 134  lbs. 

134  + 16  = 150  lbs. 

Since  the  new  power  dependent  weight  by  formula  would  be: 

791-  (311  + 1.92  X 162)  = 169  lbs. 

and  removal  of  66  percent  for  the  engine  portion  leaves  57  lbs.  for  the  non-engine 
components,  the  new  Power  Dependent  Weight  Saving  is: 

150  + 57  = 207  lbs. 
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A second  phase  summation  of  Product  and  Power  dependent  weight  reduction 


shows: 


PICKUP 

VAN 

UTILITY 

Product  Dependent 

586  lbs. 

391  lbs. 

551  lbs. 

Power  Dependent 

207 

207 

317 

TOTAL 

793 

598 

868 

A comparison  of  the  total  weight  reduction  effects  of  phase  2 (1st  stage 
propagation)  with  the  initial  results  indicates  a net  change  of  less  than  5 percent. 
Since  this  is  less  than  half  the  usual  tolerance  on  estimates  of  this  magnitude,  further 
propagation  of  weight  and  power  dependent  weights  was  not  considered  productive. 
Furthermore,  the  fact  that  the  magnitude  of  the  Weight  Dependent  weights  was  high 
by  "current"  practice  indicated  that  further  adjustment  in  these  components  was  not 
advisable.  A final  summation  of  the  weight  reduction  potential  indicated  by  this  study 
is  therefore  shown  in  Table  5-12. 

Since  it  is  current  practice  to  use  common  Product  Dependent  Weight  components 
for  all  models  in  a light  truck  line,  the  potential  weight  saving  developed  in  this  study 
should  apply  to  all  models  up  to  8500  GVWR.  WThile  minor  variations  in  engine 
applications  occur  between  makes  (for  example,  Ford  does  not  offer  a 6-cvlinder  engine 
in  their  Utility  models),  the  engine  weight  saving  should  also  apply  to  all  models  since 
common  engines  are  used.  Some  difference  in  the  WTeight  Dependent  weight  saving 
can  be  anticipated  because  the  load  Capacity  is  held  constant  and  it  is  a greater 
percentage  of  GVWR  in  the  heavier  models.  However,  since  this  portion  of  the  potential 
saving  Is  a relatively  small  part  of  the  total  (approximately  10  percent),  the  anticipated 
difference  will  have  little  effect  on  the  total  and  can  be  ignored.  The  total  Weight 
Reduction  Potential  should  therefore  apply  to  all  models  up  to  the  current  8500  GVWR. 


5.10  PERFORMANCE  VERIFICATION 

A review  of  the  final  weights  for  performance  factors  for  the  pickup  indicated: 
PF  = HP 

A CWr 

= 9-5  = 0.023  (The  specified  value) 

■41TJTT 
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TABLE  5-12 


WEIGHT  REDUCTION  EVALUATION  - LBS. 


LIGHT  DUTY  TRUCKS 


SUMMARY 

PICKUP 

VAN 

UTILITY 

Product  Dependent  Weight 

586 

391 

551 

Power  Dependent  Weight 

207 

207 

317 

Weight  Dependent  Weight 

95 

71 

107 

Total 

888 

669 

975 

Current  Curb  Weight  (Minimum) 

3572 

3432 

4277 

Weight  Reduction  Potential 

888 

669 

975 

Potential  Curb  Weight 

2684 

2763 

3302 

Current  GVWR  (typical) 

Revised  GVWR 

(No  change  in  load  capacity) 

5000 

4100 

4600 

3930 

6100 

5125 

Load  Efficiency 

Current 

Potential 

0.  400 
0.  528 

0.  340 
0.  422 

0.  426 
0.  552 

Volume  Efficiency 

Current 

Potential 

2.  14 
2.  69 

5.  87 
7.  29 

2.  62 
3.  03 

Passenger  Efficiency 

Current 

Potential 

— 

1.  37 
1.  68 

1.  40 
1.  82 
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Torque  of  the  new  engine  is  calculated  to  be: 

0.82  X 162  = 133  lb.  ft. 

As  indicated  in  Table  5-13,  the  ratio  of  0.82  is  significantly  better  than  many  of 
today’s  engines  but  not  as  high  as  the  best  of  the  small  engines.  At  this  torque  value: 

PF^  = K^TRCN/V)*  (See  Section  4.5) 

GVWR 

= 0.23  X 133  X 3.00  X 45.2  = 1.01  (With  Manual  Transmission) 
4TUT)  " 

The  minimal  value  indicates  the  desirability  of  using  a 4-speed  manual  transmission  to 
lower  the  axle  ratio  below  3.5  (utilized  in  N/V  function)  for  improved  performance 
including  better  fuel  economy. 

PF^  = 0.155  X 133  X 4.66  X 45.2  = 1.06  (With  Automatic  Transmission) 
1 4IUT5 

The  engine  swept  volume  per  ton  mile  is: 

PF0  = 0.6  (CIDXN/V)  (See  Section  4.5) 

GVWR 

= 0.6  X 162  X 45.2  = 1.07 
4100 

All  values  are  acceptable  since  they  are  higher  than  1.00. 

Checks  of  Van  and  Utility  models  indicated  PF^  values  equal  or  better  than 
current.  PF^  values  for  the  Van  are  similar.  Utility  values  of  the  PF^  are  comparable 
to  current  but  below  1.0,  indicating  a need  for  a four-speed  Manual  Transmission  with 
the  6-cylinder  engine.  However,  since  the  Utility  is  not  generally  considered  a 
commercial  vehicle,  the  lower  value  may  be  acceptable.  PFg  values  are  similar  to 
current  but  again  are  below  1.0  for  the  Utility.  This  would  indicate  the  need  for  a 
larger  engine  for  the  Utility  relative  to  the  Pickup  because  of  higher  GVWR.  Since 
the  PFg  formula  penalizes  the  high  specific  output  engine,  its  value  for  light  duty 
vehicles,  particularly  the  Utility,  is  subject  to  question.  It  must  be  recognized  that 
the  formula  is  intended  as  a guideline,  and  the  performance  on  the  road  is  the  final 
measure  of  acceptance.  A summation  of  performance  factors  is  presented  in  Table 
5-14. 


*Values  of  T(Torque),  R(Transmission  Low  Gear  Ratio)  and  N/V  Engine  RPM 
obtained  from  Appendix  C.  Vehicle  Speed-MPH 
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TABLE  5 -13 


TORQUE /DISP  - 1978  ENGINES 


MAKE 

DISP. 

TORQUE 

T/CID 

CHEVROLET 

6 

250  CID 

190  Ft.  lbs. 

0.  76 

V-8 

305 

245 

0.  81 

V -6 

196 

165 

0.  84 

CHEVETTE 

4 

97.6 

82 

0.  84 

PONTIAC 

4 

151 

123 

0.  81 

DODGE 

6 

225 

170 

0.  75 

V-8 

318 

245 

0.  77 

OMNI 

4 

104.  7 

90 

0.  86 

FORD 

V-8 

302 

250 

0.  83 

V -6 

170.  8 

143 

0.  84 

4 

140 

118 

0.  84 

5 
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TABLE  5-14 


PERFORMANCE  FACTORS 
LIGHT  DUTY  TRUCKS 


PICKUP 

Current 

Reduced  Weight  Proposal 


PPA 


0.  023 
0.  023 


pft 


0.  986 
1.  010 


PFS 


1. 157 
1.  070 


VAN 


Current 

Reduced  Weight  Proposal 

UTILITY 

Current 

Reduced  Weight  Proposal 


0.  023 
0.  024 

0.  018 
0.  018 


1.  020 
1.  100 

0.  857 
0.  800 


1.198 

1.  170 

0.  961 
0.  843 


NOTE:  Current  values  listed  are  the  minimum  for  the  lowest  GVWR  models 

of  Chevrolet  - Dodge  - Ford. 
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5.11  OPTION  WEIGHT  REDUCTION 

Since  the  ultimate  purpose  of  vehicle  weight  reduction  is  improved  fuel  economy, 
the  effect  of  option  weights  on  EPA  "inertia  weights"  must  be  considered.  By  EPA 
ruling,  the  weight  of  the  vehicles  tested  for  fuel  economy  rating  must  include  the 
weight  of  the  options  on  33  percent  or  more  of  the  models  sold.  On  light  duty  trucks 
th-is  involves  the  following  components: 


Tires  and  trim  options  will  not  be  considered.  Optional  engines  are  considered 
in  two  (current)  classes,  approximately  300  and  350  CID.  Larger  engines,  which  are 
already  on  the  way  out,  will  not  be  considered. 

On  the  basis  of  current  levels,  the  new  engine  performance  levels  would  be: 

300  CID  Class  PF  . = 0.029 
A 

350  CID  Class  PF.  = 0.034 
A 

Revised  HP  required  at  reduced  wieght  levels: 

HP  (First  Option)  = 0.029  X 4100  = 119 
HP(Second  Option)=  0.034  X 4100  = 140 

These  requirements  appear  to  coincide  with  current  6 and  light  V-8  engines. 
Assuming  a moderate  weight  reduction  of  50  lbs.  (not  a new  engine  design)  the  weight 
penalty  for  the  optional  engines  would  be: 


V-8  Engines 

Automatic  Transmission 
Power  Brakes 
Power  Steering 
Limited  Slip  Differential* 
Air  Conditioning 
Rear  Bumper  (Pickup) 


Current  6-Cylinder  Weight 
Less  Assumed  Reduction 


= 586  lbs. 
50  lbs. 


536  lbs. 


*Not  given  further  consideration  because  of  minimal  weight  (3  lbs.) 
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Less  New  Base  Engine  Weight 

436 

lbs. 

Penalty 

100 

lbs. 

Plus  Weight  Penalty  for  Other 

57 

lbs. 

Power  Dependent  Items 

Total  First  Option  Weight  Penalty 

157 

lbs. 

The  second  engine  option  weight  penalty  (V-8)  would  be: 
157  + 108*  = 265  lbs. 

The  total  option  weight  would  be: 


Option 

Added  Weight-lbs. 

Weight  Saving-lbs, 

Engine  (1st  Option) 

157 

50 

Engine  (2nd  Option) 

265 

50 

Automatic  Transmission 

26 

— 

Air  Conditioning 

75 

15 

Power  Steering 

25 

8 

Power  Brakes 

8 

2 

Rear  Bumper  - Pickup 

20 

20 

Rear  Bumper  (Step  Tvpe)-Pickup 

80 

40 

TOTAL  (with  1st  engine 
option  and  standard  rear  bumper) 

311 

95 

Option 

Added  Weight-lbs. 

Additional 
Weight  Savings-lbj 

with  2nd  engine  option 

+108 

with  Step  bumper 

+ 60 

+ 20 

No  weight  reduction  is  shown  for  the  automatic  transmission  since  it  already 
has  an  aluminum  case  and  no  significant  weight  reduction  is  anticipated.  The  estimated 
A/C  reduction  is  based  on  the  use  of  an  aluminum  housing  for  the  compressor  and 
other  parts.  Power  Steering  reflects  the  use  of  an  aluminum  housing  for  gear  and 
pimp.  'Hie  Power  Erake  reflects  the  use  of  an  aluminum  housing,  and  the  rear  bumpers 
also  are  aluminum. 


♦Based  on  current  differences  of  108  lbs.  between  engines,  which  should  still  apply. 
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Although  option  weights  vary  slightly  between  makes  and  models,  the  above 
range  of  300  to  500  lbs.  provides  an  indication  of  the  change  from  curb  to  inertia 
weight  for  light  duty  trucks. 

The  selection  of  models  to  be  included  in  an  "inertia  weight"  category  is  done 
by  the  manufacturer  in  order  to  avoid  undue  complexity  in  the  testing  program. 
Therefore,  only  the  manufacturers  can  establish  how  the  potential  weight  reductions 
can  be  used  to  best  advantage  and  what  the  ultimate  effects  will  be  on  the  test  inertia 
weight. 
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6.  EFFECTS  ON  WEIGHT  REDUCTION 


6.1  VEHICLE  COST 

In  general  weight  reduction  accomplished  by  size  reduction  or  improved  design 
techniques  offers  a corresponding  cost  reduction.  Some  redesigns  could  involve  more 
operations  or  handling,  thus  increasing  labor  content  costs,  but  in  most  instances  the 
material  weight  reduction  would  result  in  a lower  part  cost. 

Assuming  an  average  cost  of  16.3  cents  a pound  for  HRS  and  19.3  cents  for 
CRS,  anticipated  savings  would  be: 

PICKUP  VAN  UTILITY 


WT(lbs) 

$ 

WT(lbs) 

$ 

WT(lbs) 

$ 

Size  Reduction 

CRS 

43.6 

8.41 

— 

— 

40.7 

7.86 

HRS 

12.5 

2.04 

— 

— 

8.9 

1.45 

GLASS 

Laminated 

4.0 

1.44 

— 

— 

4.0 

1.44 

Tempered 

3.1 

0.82 

— 

— 

5.7 

1.14 

Sub-Total 

-12.51 

-11.89 

Redesign 

CRS 

15.0 

2.90 

39.7 

7.66 

26.1 

5.04 

HRS 

39.0 

6.36 

37.6 

6.15 

36.0 

5.87 

GLASS 

Laminated 

5.5 

1.98 

8.9 

3.20 

5.5 

1.98 

Tempered 

10.1 

2.02 

5.5 

1.10 

22.8 

4.56 

Sub  Total 

-13.26 

-18.11 

-17.45 

Grand  Total 

-$25.77 

■$18.11 

-$29.34 

Material  sbustitution,  on 

the  other 

hand,  may 

provide 

some  degree 

of  cost  saving 

but  more  often  in  automotive  applications  a penalty  results.  The  magnitude  of  the 


penalty  depends  on  the  relation  of  weight  saved  to  material  cost  differential.  U.  S. 
Steel  indicates  that  typical  substitutions  of  50,000  yield  strength  HSLA  steel  for  HRS 
results  in  a 15  percent  weight  saving  and  a 10  percent  cost  penalty.  This  would  indicate 
that  only  about  30%  of  the  difference  in  yield  strength  is  being  realized  because  the 
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design  critera  involves  a more  complex  condition  than  straight  strength  critical.  This 
situation  is  true  of  most  automotive  structural  components. 

A summary  of  HSLA  steel  substitutions  indicates  penalties  of: 


HSLA  STEEL  SUBSTITUTIONS* 


PICKUP 

+$13.68 


VAN 

+$8.47 


UTILITY 

+$8.70 


Determination  of  the  potential  cost  differential  between  steel  and  aluminum  is 
complicated  by  the  future  cost  of  aluminum  if  used  in  large  quantities.  If  aluminum 


for  body  panel  applications  is  assumed  to  be  $1. 00/lbs.  vs. 

current  CRS  <§.  10.3  cents/lb., 

then  the  proposed  substitutions 

would  involve 

a cost  penalty  of: 

PICKUP 

VAN 

UTILITY 

Current  Steel  Weight 

486  lbs. 

348  lbs. 

463  lbs. 

Cost 

$94 

$67 

$89 

Aluminum  Weight 

220  lbs. 

158  lbs. 

210  lbs. 

Cost 

$220 

$158 

$210 

Penalty 

$126 

$91 

$121 

It  should  be  emphasized 

that  the  above  penalties 

involve  material  costs  only. 

Limited  experience  in  handling 

aluminum  vs. 

steel  body 

panels  indicated,  by  manufac- 

turer's  reports,  that  penalties  as 

high  as  1/3** 

: of  the  material  cost  difference  could  be 

anticipated.  Assuming  that  this  factor  continued  at  25 

percent,  the  penalties  would 

be: 

PICKUP 

VAN 

UTILITY 

$158 

$114 

$151 

Other  cost  differentials  are  estimated 

to  be: 

PICKUP 

VAN 

UTILITY 

Aluminum  Radiator 

+$  4 

+$  4 

+$  4 

Aluminum  Heater  Core 

+ 1 

+ 1 

+ 1 

Plastic  Cargo  Box  Floor 

+ 13 

- 

- 

Glass 

- 2.60 

- 1.00 

- 5.70 

Engine 

- 50 

- 50 

- 50 

*Based  on  material  costs  of  16.3<fc  for  HRS,  10.3$  for  CRS  and  24$  for  HSLA. 

**Ford  Motor  Co.  response  to  Proposed  Rule  Making  on  NPA  Average  Fuel 
Economy  Standards  for  M/Y  1980-81. 


6-2 


Power  Dependent  0 0 0 

Components 

Weight  Dependent  - 19  - 14  - 21 

Components  

-$53.50  -$60.00  -$71.50 

The  estimated  material  cost  impact  of  the  proposed  weight  reduction  is  therefore: 

PICKUP  VAN  UTILITY 

+$92.41  +$44.36  +$58.86 

The  above  estimates  have  not  been  detailed  in  many  cases,  and  the  full  impact 
of  such  a major  change  of  material  usage  cannot  be  accurately  assessed  at  this  point. 
Burden  changes,  amortization  costs  and  manufacturing  differentials  could  all  significantly 
to  the  above  estimates.  However,  the  estimates  should  represent  an  understanding  of 
the  magnitude  of  the  manufacturing  cost  implications  of  this  weight  reduction  project. 
Costs  to  the  consumer  would  be  significantly  higher. 

6.2  TOOLING  IMPLICATIONS 

A change  in  vehicle  weight  of  the  magnitude  represented  by  this  proposal  could 
only  be  accomplished  in  conjunction  with  a completely  new  vehicle  design.  Assuming 
that  the  time  frame  of  1982  - 1985  corresponded  to  a scheduled  major  redesign,  then 
no  significant  increase  in  the  scheduled  tooling  costs  should  be  required.  In  some  cases 
tooling  for  aluminum  or  plastic  parts  could  provide  a cost  reduction  vs.  tooling  for  steel 
parts. 

The  impact  of  other  associated  manufacturing  costs,  however,  could  be  extremely 
costly.  Use  of  large  numbers  of  aluminum  panels  would  require  major  changes  in 
techniques  and  equipment  for  handling  & processing  parts  in  order  to  prevent  damage 
to  parts  in  process.  Different  cleaning  and  finishing  processes  would  also  be  required. 
In  some  cases,  additional  heat  treating  and  finishing  operations  would  require  new 
equipment  and  more  space,  aluminum  bumpers  for  example. 

The  total  impact  of  plant  and  equipment  changes  could  double  the  normal  cost 
of  retooling  a light  truck  line  from  a typical  $ 100/$ 200  million  (body  only).  These 
estimates  are  based  on  historical  data  for  previous  body  changes.  The  range  results 
from  the  different  tooling  volumes  of  the  three  manufacturers  plus  variations  in  the 
extent  of  the  change  (all  body  components  or  only  surface  panels  or  something  in 
between).  Unless  the  change  corresponded  to  similar  changes  occuring  in  passenger  car 
power  plant,  driveline  and  chassis  components  (since  common  components  are  usually 
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utilized),  additional  large  expenditures  would  result.  In  fact,  the  feasible  utilization  of 
manufacturing  facilities,  as  well  as  realistic  costs,  would  indicate  that  the  light  duty 
vehicle  would  have  to  be  integrated  with  similar  programs  in  process  for  passenger  cars. 
However,  the  addition  of  a program  of  this  magnitude  - major  redesign  of  all  light 
truck  models  - added  to  the  current  passenger  car  redesign  programs  could  overtax  the 
facilities  and  capital  of  some  manufacturers. 

Another  complication  involving  timing  results  from  announced  plans  of  some 
manufacturers  to  have  new  light  duty  vehicles  in  production  in  1980-81.  If  these  fall 
short  of  the  potential  weight  reduction  indicated  by  this  project,  it  would  be  unrealistic 
to  expect  them  to  completely  retool  again  within  three  years.  Only  the  individual 
manufacturers  can  adequately  assess  the  impact  of  a program  of  this  type  on  their 
schedules,  manufacturing  and  technical  facilities,  and  capital. 

6.3  SERVICEABILITY 

The  extensive  use  of  aluminum  panels  would  require  training  of  field  service 
personnel  in  the  proper  handling  of  the  material  since  aluminum  is  more  easily  dented 
or  scratched  than  steeL  Aside  from  possible  dissatisfaction  with  repairs  until  body 
shops  become  familiar  with  handling  aluminum  this  should  not  be  a major  problem  for 
an  extended  period,  although  some  increase  in  repair  costs  could  be  anticipated  and  of 
course  new  aluminum  replacement  parts  would  be  considerably  more  expensive.  Based 
on  previous  productions  cost  comparisions  this  would  be  in  the  range  of  2.25  times  the 
cost  of  a comparable  steel  part. 

The  major  weight  reduction  could  result  in  less  usage  of  power  steering  and 
brakes.  This  would  reduce  service  complexity  and  cost.  Much  wider  use  of  6-cylinder 
engines  would  also  reduce  service  complexity  and  cost. 

6.4  PUBLIC  REACTION 

The  general  acceptance  of  the  lighter  "downsized"  passenger  cars  would  indicate 
that  the  reduced  weight  of  the  trucks  per  se  would  be  generally  received  favorably 
particularly  since  the  key  functional  attributes  are  not  changed.  For  some  commercial 
users,  the  terms  "light-weight"  and  "aluminum"  might  imply  a reduction  in  durability. 
The  manufacturer  would  of  course  insure  that  current  levels  of  durability  are  retained. 
However,  it  could  be  anticipated  that  some  percentage  of  the  light  truck  market  would 
shift  to  heavier  models  becasue  of  an  adverse  reaction  to  the  ’lightweight"  concept. 
Providing  that  the  new  trucks  can  prove  their  dependability,  this  reaction  should  be 
minor  and  short  lived. 
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6.5  OTHER  IMPLICATIONS 


The  most  serious  question  raised  by  the  magnitude  of  this  weight  reduction 
potential  is  the  assessment  of  the  cost-benefit  ratio.  Many  technically  feasible  and 
theoretically  desirable  proposals  have  never  reached  the  buying  public  or  have  not  been 
accepted  by  the  public  because  the  benefit  did  not  justify  the  cost.  If  implemented, 
this  proposal  could  have  serious  implications  the  the  economy,  the  automotive  industry 
in  particular. 

The  additional  cost  added  to  the  increases  resulting  from  the  addition  of  safety 
and  emission  equipment  and  inflation  could  price  the  vehicles  out  of  the  market  for 
many  buyers.  It  could  lead  others  to  buy  heavier,  less  fuel  efficient  models,  or  to 
retain  older,  also  less  fuel  efficient  models  for  a longer  period  of  time.  Both  would 
have  the  effect  of  reducing  anticipated  savings  in  fuel  consumption.  The  large  capital 
and  technical  resources  required  to  implement  an  extensive  program  like  this  could 
force  some  current  manufacturers  out  of  the  market  or  out  of  the  business. 

The  ability  of  the  material  suppliers  to  provide  the  indicated  quantities  also  needs 
careful  assessment.  The  aluminum  industry,  for  example,  would  not  be  able  to  provide 
the  quantities  required  without  extensive  expansion  of  their  facilities.  The  impact  on 
electrical  energy  consumption  for  this  magnitude  of  increased  production  should  also  be 
assessed.  There  is  serious  doubt  whether  the  capacity  could  be  available  by  1982.  The 
magnitude  of  the  retooling  required  to  implement  these  proposed  changes  would  probably 
be  beyond  the  capacity  of  the  industry  to  achieve  by  1982-85  considering  the  magnitude 
of  concurrent  changes  in  passenger  car  models.  The  economic  impact  of  the  steel 
industry  resulting  from  the  magnitude  of  their  lost  tonnage  also  needs  to  be  assessed. 

The  possibility  of  encouraging  wider  use  of  "compact”  size  vehicles  to  achieve 
similar  fuel  savings  without  the  need  for  such  extensive  material  changes  in  full  size 
vehicles  should  be  evaluated.  This  would  appear  to  be  particularly  desirable  for  vans 
where  the  current  size  needs  to  be  retained  for  passenger  carrying  capacity. 
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APPENDIX  A 
MODEL  CHARTS 


A.l  AMERICAN  MOTORS 

The  Commercial  Division  of  American  Motors  has  specialized  in  4-wheel  drive  vehicles 
and  that  is  all  they  currently  manufacturer.  Like  the  larger  manufacturers,  their  engines 
are  common  with  passenger  cars.  Otherwise  there  is  negligible  interchangeability.  Aside 
from  the  powertrain,  there  is  no  interchangeability  between  the  Utility  models  (CJ5  <5 c 
CJ7)  and  the  Pickup.  Unlike  the  big  3 manufacturers,  the  AMC  Utility  vehicle  is  unique 
and  has  been  developed  from  the  World  War  II  military  model.  As  such  it  continues 
to  provide  only  2-passenger  normal  seating  capacity.  It  is  an  extremely  rugged  vehicle 
and  continues  to  be  popular  although  it  has  had  little  change  over  the  years. 

The  Pickup  and  Wagon  models  are  interchangeable  in  front  end  sheet  metal  and 
chassis  components  as  well  as  powertrain.  The  Wagons  come  in  both  4-door  and  2-door 
versions  and  are  a rather  specialized  body  type.  Only  Chevrolet  offers  a body  style 
of  this  type  (considerably  larger)  which  is  mounted  on  a conventional  light  truck  chassis 
rather  than  the  common  truck  type  wagon  made  from  a van.  AMC  does  not  offer  a 
van  type  vehicle. 
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all  Engine,  Transmission,  and  Bear  Axle  Ratios  are  available  together  or  with  all  GVW  Ratings. 


A. 2 CHEVROLET 


The  largest  manufacturer  of  passenger  cars  also  holds  a similar  distinction  in  the 
light  truck  field.  Engines  and  some  powertrain  and  chassis  components  (on  lightest 
GVWR  models)  are  common  with  passenger  cars.  All  conventional  layout  models  (Pickup, 
Utilities  and  Station  Wagons)  use  common  front  end  sheet  metal  cab  components  and 
share  many  chassis  components  except  as  required  for  wheelbase  or  load  capacity 
differences.  The  chassis  and  cab  from  the  Pickup  are  also  offered  without  a body  for 
mounting  specialized  body  types.  All  models  are  available  in  both  2-  and  4-wheel  drive 
versions. 

Van  and  Van-Wagons  use  a common  base  body  with  windows,  seats  and  more  complete 
interior  trim  added  for  the  Wagon  version.  While  powerplant,  driveline  and  some  chassis 
components  are  common  with  other  light  truck  models,  the  Van  has  a completely 
different  body  design  from  the  conventional  layout  models.  It  has  a unitized  rather 
than  separate  frame  and  body  and  the  driver/front  passenger  seating  positions  are  forward 
alongside  the  engine.  This  semi-forward  control  seating  position  shortens  overall  length 
and  eliminates  the  conventional  hood  and  front  fenders.  All  U.S.  Vans  use  a semi-forward 
control  position  in  which  the  driver  is  essentially  behind  the  front  wheels.  The  first 
U.S.  Van  models  (as  well  as  most  foreign  models)  used  a forward  control  position  in 
which  the  driver's  legs  extended  ahead  of  the  wheels.  This  position  is  no  longer 
considered  acceptable  from  a frontal  impact  standpoint. 

As  noted  on  the  accompanying  chart,  Chevrolet  offers  3 cab  types  and  two  cargo 
box  lengths  as  well  as  two  different  constructions  for  the  Pickup.  There  are  also  two 
body  lengths  for  the  Van  and  Van-Wagons.  Utility  models  are  offered  in  only  one  size 
but  are  available  with  either  hard  or  soft  top. 

Two  conventional  In-line  6-cylinder  and  several  V-8  options  are  offered.  The  292 
CID  6 is  only  offered  on  trucks.  A V-8  diesel  is  offered  as  an  option  in  Pickups. 
Manual  (3-  or  4-speed)  and  automatic  transmissions  are  offered.  Independent  front 
suspension  is  used  for  all  2-wheel  drive  models  (except  step  vans)  while  4-wheel  drive 
uses  a solid  axle  with  leaf  springs.  Front  disc  and  rear  drum  brakes  are  specified  for 
all  models  and  power  assist  is  standard  in  the  higher  GVWR  models.  Power  Steering, 
air  conditioning  and  a wide  range  of  other  options  are  available. 

Chevrolet  also  offers  an  imported  compact  Pickup  (built  in  Japan)  and  a specialized 
Pickup  with  the  FESM  and  many  other  components  from  the  intermediate  passenger 
car. 
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Chevrolet  offers  a unique  model  known  as  a step  van.  It  features  a semi-forward 
control  and  a low  floor  in  the  driver’s  compartment  to  facilitate  entry  and  exit  in  urban 
multi -stop  delivery  service.  The  body  is  van  type  but  larger  and  completely  different 
from  the  regular  Van  models. 

GMC  models  are  identical  with  Chevrolet  except  for  nameplate  and  minor  trim 
items. 
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A. 3 DODGE 


Since  the  big  3 manufacturers  have  very  competitive  and  comparable  lines  in  the 
light  truck  field,  to  avoid  repetition,  only  those  areas  where  Dodge  and  Ford  are  unique 
or  different  will  be  covered.  Unlike  Chevrolet  and  Ford,  Dodge  has  dropped  out  of  the 
Medium  and  Heavy  Truck  fields  and  has  concentrated  its  efforts  in  the  Light  Truck 
Market. 

Dodge  uses  engines  and  some  powertrain  and  chassis  components  common  with 
passenger  cars,  but  their  engine  offerings  are  not  as  extensive  as  Chevrolet.  Dodge 
does  offer  a 6-cvlinder  imported  diesel  engine  as  an  option  on  Pickups.  Pickups  and 
Utility  models  have  common  front  end  sheet  metal  and  many  other  components.  A 
conventional  chassis  Station  Wagon  is  not  offered.  The  Van  has  been  a particularly 
successful  model  with  Dodge  and  like  the  Chevrolet  model  it  is  unitized.  Dodge  is 
unique  in  offering  an  extended  body  (without  increase  in  wheelbase)  Van  (Maxi-Van)  that 
provides  extra  cargo  or  passenger  capacity.  Maximum  passenger  capacity  is  15,  as 
compared  to  12  for  other  models.  The  Utility  model  comes  without  a top  as  well  as 
with  a hard  top  option.  The  soft  top  is  only  available  as  a dealer  installed  item. 

Although  basically  similar  in  design  concept  to  the  Chevrolet,  Dodge  components  in 
general  seem  to  be  slightly  lighter  to  account  for  its  lighter  overall  weight.  The  exact 
differences  cannot  be  established  in  detail  without  the  benefit  of  a tear-down  analysis. 
Front  suspension  components  were  compared  and  the  Dodge  parts  were  uniformly  lighter. 
The  designs  are  the  same  in  principle  but  differ  in  detail. 

Dodge  is  unique  in  offering  a 4-speed  manual  transmission  with  overdrive  (4th)  as 
an  option  on  some  Pickup  and  Van  models. 

Dodge  does  not  offer  either  an  imported  compact  Pickup  or  passenger  car  derivative. 
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BOTE:  CAB  AND  CHASSIS  VERSIONS  ARE  AVAILABLE  ON  H3ST  D & U MODELS. 

B MODELS  ARE  AVAILABLE  U1TH  FRONT  BOOT  SECTION  AND  REAR  PLATFORM  FOR  INSTALLATION  OF  SPECIAL  VAN  AND  MOTOR  HOME  BODIES 
B200  & B300  - 127IN.  WHEELBASE  MODELS  ARE  AVAILABLE  WITH  18"  ADDED  LENGTH  "MAXI-VAN"  BODIES. 

"T  TRANSMISSION  A REAR  AXLE  RATION  COMBINATIONS  ARE  AVAILABLE  UITH  ALL  CVW  RATINGS  AND  ALL  WHEELBASES • 


A.  4 FORD 


In  spite  of  its  major  effort  to  increase  its  share  of  the  heavy  truck  field,  Ford  is 
still  a major  competitor  in  the  light  truck  field.  It  is  unique  in  offering  only  a large 
displacement  (300  CED)  6 in  addition  to  an  extensive  offering  of  V-8s. 

The  Ford  Van  is  different  from  Chevrolet  and  Dodge  in  that  it  has  separate  frame 
and  body  construction.  It  also  has  a modified  forward  control  in  which  the  driver  is 
not  as  far  forward  and  the  engine  housing  does  not  intrude  as  far  into  the  driver’s 
compartment.  The  design  results  in  a longer  and  heavier  design  for  a given  size  cargo 
area. 

The  Ford  Utility  model  is  also  smaller  than  Chevrolet  or  Dodge  and  is  available  only 
with  4-wheel  drive  and  hard  top.  Although  Ford  has  a basic  design  similar  to  its 
competitors,  its  front  suspension  design  - called  Twin  I-Beam  - is  unique  and  heavier 
than  its  competitors. 
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REMARKS  i (1)  Available  aa:  2-Door  Conventional  Cab,  4-Door  Club  Cab,  4-Door  Crew  Cab  (6-PaBsenger ) 

(2)  FESM  Ccxnmon  with  the  Intermediate  Passenger  Car. 

(3)  Pickups  are  available  with  Smooth  Side  of  Separate  Fender  Cargo  Box. 

NOTE  i E K>dela  are  available  with  Front  Body  Section  and  Frame  for  installation  of  Special  Van  and  Ftotor  Home  Bodies. 

Not  all  Engine,  Transmission,  and  Rear  Axle  Ratio  Combinations  are  available  with  all  GVW  Ratings  and  all  Uheelbases 


A. 5 INTERNATIONAL 


International,  unlike  the  other  manufacturers,  has  no  passenger  car  models  to  share 
components  with.  It  is  also  the  only  one  offering  a 4-cylinder  engine  as  standard  and 
the  range  of  engine  options  is  limited.  A 4-cylinder  diesel  is  offered  as  an  option. 

This  manufacturer  has  traditionally  concentrated  on  the  heavy  duty  field  and  has 
recently  withdrawn  from  the  light  duty  field.  It  offers  only  a Utility  vehicle  and  a 
Pickup  derivative  which  is  not  directly  competitive  with  conventional  Pickups.  Both  2- 
and  4-wheel  drive  models  are  offered.  The  Utility  is  smaller  than  models  offered  by 
the  big  3 but  larger  than  AMC  Jeeps.  It  is  available  without  top  or  with  soft  or 
hardtop. 
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1978  INTERNATIONAL  LIGHT  DUTY  TRUCK  MODELS 
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NOTE  t Rjt  all  Engine,  Tranami  eelon,  and  Rear  Ax  If!  Ratio*  are  available  together. 
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APPENDIX  E 


DESIGN  FORMULA  DEVELOPMENT 


Automobile  structural  components  are  generally  characterized  by  stiffness  or  strength 
critical  criteria  or  often  a combination  of  both.  Stiffness  critical  components  are 
classified  as  either  Flat  Plates  or  Other  Sections  (Box,  Channel  or  Convoluted).  If 
stiffness  is  to  be  maintained  then  the  product  of  Material  Modulus  and  Section  Moment 
of  Inertia  must  be  equal  for  initial  and  substitute  designs. 

Although  the  determination  of  the  Moment  of  Inertia  of  a section  is  a rather  complex 
calculation,  it  can  be  reduced  to  a simple  formula  for  purposes  of  comparing  similar 
designs.  For  Flat  Plates  this  simplification  indicates  that  the  Section  Inertia  is 
proportional  to  the  cube  of  material  thickness  and  for  other  configurations  it  is  linearly 
proportional  to  material  thickness.  Therefore,  stiffness  critical  components  do  not  offer 
a potential  for  weight  reduction  unless  they  can  be  classified  as  a "Flat  Plate." 
Fortunately,  many  automotive  panels  function  approximately  as  Flat  Plates  even  though 
they  do  not  conform  to  the  theorectical  definition.  The  Flat  Plate  relationship  is: 

Ft3  = E1(t1)3 

where: 


E = Material  Modulus  - current 
E1  = Material  Modulus  - proposed 
t = Material  Thickness  - current 

t1  = Material  Thickness  - proposed 

and: 


the  weight  relationship  is: 


W 


Where: 

W = Component  Weight  - current 

W1  = Component  Weight  - proposed 

w = Materia]  Sepcific  Weight  - current 

w*  = Material  Specific  Weight  - proposed 

On  the  other  hand,  the  corresponding  relationship  for  Other  Sections  would  be: 


W1  = WE  w1 
„1  w 


E - 1 


£ 


which  indicates: 

1.  Use  of  higher  strength  versions  of  the  same  material  (HSLA  vs.  low  carbon 
steel  for  example)  would  not  reduce  weight  since  the  Material  Modulus  is 
unchanged. 

2.  Substitution  of  a common  lightweight  material  (aluminum)  would  not  save 
weight  because  the  Material  Modulus  and  Specific  Weights  are  inversely 
proportional.  Commonly  used  plastics  such  as  SMC  (sheet  molding  com- 
pound) would  actually  result  in  weight  increase. 

For  reference,  the  properties  of  the  materials  used  in  this  study  are: 


MATERIAL  PROPERTIES 


E 

W 

S 

MODULUS 

DENSITY 

TENSILE 

106PSI 

lbs./in.3 

STRENGTI 
1000  PSI 

Steel 

29 

0.283 

28  LCS 

50  HSLA 

Aluminum 

10 

0.100 

50 

HMC  (Plastic) 

2.0 

0.064 

30 

As  a result  of  the  foregoing  explanation,  the  only  structural  components  which  will  be 
considered  in  the  weight  reduction  analysis  of  this  study,  are  those  considered  to  be  in 
the  Flat  Plate  category. 

Based  on  experimental  results,  it  also  appears  that  a reduction  in  stiffness  can 
be  utilized  to  achieve  a reduction  in  weight.  It  is  therefore  assumed  that  75%  of 
current  level  for  major  parts  and  60%  for  "hang-on"  parts  will  produce  acceptable 
performance.  The  following  formulas  will  be  used  to  determine  the  weight  reduction 
potential  for  reduced  stiffness  levels  and  material  substitutions. 

For  a common  material  at  75%  and  60%  current  stiffness,  the  proposed  weights 
would  be: 

W1  = W 3/eHw1) 

Ve1w 

= W v*/o775  = 0.19W  - for  major  structure  members 

= W'C/O.SO  = 84 W - for  "hang-on"  parts 
where  W and  W*  are  as  previously  defined  with  units  of  lbs. 


E - 2 


For  the  material  substitutions  to  be  utilized,  the  formulas  are 


Aluminum  vs.  Steel 
at  75%  Current  Stiffness 

W1  = wMEn^o.75  X 29  = 0.46W 
0.283  10 

at  60%  Current  Stiffness 

W1  = W0.100 /s/0.60  X 29  = 0.425W 
(J728T  10 

HMC  (Plastic)  vs.  Steel 
at  75%  Current  Stiffness 

W1  = W0.064  ^/0.75  X 29  = 0.50W 
0.283  2 
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APPENDIX  F 


REPORT  OF  NEW  TECHNOLOGY 

No 

inventions  have  been  achieved  during  the  performance  of  work  under  this 

contract. 

The  work  consisted  of: 

a. 

Definition  and  documentation  of  the  Light  Duty  Truck  fleet  up  to  and 
including  8500  lbs.  GVWR.  The  documentation  is  exhibited  in  APPENDIXES 
B,  C,  and  D.  Significant  comparisons  of  selected  attributes  are  presented 
in  Section  2.5. 

b. 

Establishment  of  the  Weight  Saving  Potential  for  these  vehicles  by  means 
of  Design  Modification,  Redesign  and  Material  Substitution.  Results  of  the 
weight  reduction  are  shown  in  Table  5-12. 
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